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ABSTRACT 
Fiji disease fijivirus (FDV) causes one of the most important diseases of 
sugarcane in Australia, resulting in significant yield losses. The genome of 
FDV comprises 10 segments of dsRNA with a total size of approximately 30 
kbp. The aim of this study was to clone, sequence and analyze FDV 
segments 5, 7, 8 and 10. 
FDV 87 was found to comprise 2194 nucleotides and contained two non-
overlapping reading frames (ORFs) separated by a 52 nucleotide intergenic 
region (IR), and 5' and 3' untranslated regions (UTRs) consisting of 41 and 
82 nucleotides, respectively. ORF I potentially encoded a 42 kDa protein 
which was presumed to be a structural protein because (i) it was recognized 
by anti-FDV polyclonal antibodies, (ii) antiserum prepared against the ORF I 
fusion protein reacted strongly with a 40 kDa protein in both crude FDV-
infected sugarcane extracts and purified FDV preparations, and (iii) domains 
were identified in the encoded amino acid sequence indicating that a large 
area of the protein surface was exposed, possibly suggesting it was 
associated with the outer capsid or A-spike. FDV 87 ORF II potentially 
encoded a 37 kDa protein which was assumed to be a non-structural protein 
because (i) it was not recognized by anti-FDV polyclonal antibodies, (ii) 
antiserum prepared against the ORF II fusion protein did not react with a 37 
kDa band in FDV-infected sugarcane extracts or purified FDV preparations, 
and (iii) motifs associated with GTP binding were identified in the amino acid 
sequence of the protein. 
The genome of FDV 88 comprised 1959 nucleotides and contained a single 
ORF, and 5' and 3' UTRs of 24 and 153 nucleotides, respectively. The ORF 
potentially encoded a 69 kDa protein which was presumed to be non-
structural because (i) no protein of a similar size was found in t=DV-infected 
sugarcane extracts or purified FDV preparations which reacted with anti-FDV 
ii 
polyclonal antibodies, and (ii) chaperone and NTP-binding protein motifs 
were identified in the amino acid sequence of the protein. 
FDV 810 comprised 1819 nucleotides with a single ORF and 5' and 3' UTRs 
consisting of 23 and 152 nucleotides, respectively. The ORF potentially 
encoded a protein of 63 kDa which was presumed to be a structural protein 
because it was similar in size and amino acid sequence to the outer capsid 
protein encoded by Nilaparvata lugens reovirus 88. Further, large hydrophilic 
domains were identified in the encoded amino acid sequence indicating that 
a large area of the protein surface was exposed. However, no protein of 63 
kDa was found in purified FDV preparations which reacted with anti-FDV 
polyclonal antibodies. Further, no motifs were identified in the amino acid 
sequence to indicate a function for the protein. 
The partial sequence (2256 nucleotides) of FDV 85 was analyzed and 
shown to contain one ORF, with a possible second ORF also identified. The 
5' UTR comprised 58 nucleotides. ORF I potentially encoded a protein of 51 
kDa which was presumed to be non-structural due to the presence of a NTP-
binding motif in the amino acid sequence. The putative protein encoded by 
the second potential ORF of 85 was presumed to be a non-structural protein 
due to the presence of a NTP binding motif in the amino acid sequence. 
Analysis of the terminal sequences of FDV segments 5, 7, 8 and 10 and the 
unpublished sequences of FDV segments 3, 4 and 9 revealed the conserved 
terminal sequences comprising, 5,AAGUUUUU .... CAGCAGAUGUC3'. 
Segment specific repeats were also identified immediately adjacent to the 
terminal sequences. 
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CHAPTER 1 
GENOME ANALYSIS OF FIJI DISEASE 
FIJIVIRUS- A LITERATURE REVIEW 
1.1 INTRODUCTION 
Sugar is derived from sugar beet and sugarcane and is the worlds largest 
primary product (FAO, 1995). Sugarcane is by far the largest source of sugar 
with a total tonnage of 1,148 million metric tonnes (MMT) worth US$407.5 
billion for 1995. Australia is the eighth largest producer of sugarcane behind 
Brazil (301 MMT), India (259 MMT), China (70 MMT), Thailand (50 MMT), 
Pakistan (47 MMT), Mexico (41 MMT) and Cuba (36 MMT), producing 33 
MMT in 1995 (FAO, 1995). In Australia, sugar is the second largest export 
crop after wheat and, in 1995, amounted to 3.94 MMT worth US$1.4 billion 
(Australia Bureau of Agriculture and Resource Economics (BARE), 1995). 
Major importers of Australian sugar include Japan, Canada, Korea and 
Malaysia. In 1997, preliminary figures indicated 41.1 MMT of cane was 
harvested in Australia with raw sugar production exceeding 5 MMT (Anon, 
1998). 
Like other major crops grown in monoculture systems, sugarcane is affected 
by a range of bacterial, fungal and virus diseases. Fiji disease virus (FDV) is 
one of the most severe viruses affecting sugarcane and causes an 
agronomically debilitating disease characterized by stunting and gall 
formation on infected sugarcane. 
The current control measures for Fiji disease are limited and expensive, 
requiring the rouging of diseased material and the selection for resistant 
varieties. The latter control strategy is long term, expensive and- often results 
in the loss of desirable cane characteristics. A more recent approach to virus 
disease control is pathogen-derived resistance whereby viral sequences are 
incorporated into the genome of the host plant. However, some knowledge of 
the viral genome and gene function is required. Research into FDV has, to 
date, concentrated primarily on breeding for resistance with little research 
having been done on the characterization of the viral genome organization 
and gene function. It is only through further characterization of the genome, 
the encoded proteins and the interaction of FDV with the plant at a molecular 
level that pathogen-derived resistance strategies for this disease can be 
developed. 
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1.2 AIM OF THIS REVIEW 
This aim of this review was to ascertain the current state of research into Fiji 
disease of sugarcane. Areas covered include distribution of the disease and 
virus vectors, current modes of disease control for both FDV and other virus 
diseases, virus transmission and virus-host interactions. The major focus of 
this review is on replication of reoviruses and the characterization of the 
genome and viral proteins with a view to formulate new virus control 
strategies based on pathogen-derived resistance. 
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1.3 SUGARCANE (Saccharum sp.) 
1.3.1 Sugarcane- In brief 
Sugarcane is a monocotyledonous grass and member of tribe 
Andropogoneae in the family Gramineae. There are 6 species of sugarcane 
S. offfcinarum, S. spontaneum L., S. robustum, S. sinense Roxb., S. edu/e 
Hassk and S. barberi Jesw ( Stevenson eta/., 1972; Jackson, 1994) and all 
commercial varieties cultivated today are complex interspecific hybrids 
involving two or more of these species. Hybrids incorporate desirable 
characteristics of various species such as the highly adaptable, vigorous 
growing rhizomes and disease resistance of S. spontaneum and thick juicy 
stems with high sucrose content of S. officinarum (Julien eta/., 1989). Each 
species is genetically highly complex being polyploid with chromosome 
numbers ranging from 2n=40-128 in S. spontaneum, 2n=60-80 in S. robustum 
and 2n=80 in S. officinarum (Daniels, 1989). 
1.3.2 Sugarcane diseases 
Diseases of sugarcane are a major economic constraint to cultivation. 
Sugarcane is susceptible to a range of bacteria, fungi and viruses (Table 1.1 ). 
Although several disease resistant varieties have been bred, high yielding 
cane resistant to the major diseases still remains an elusive goal. 
Four viruses affecting sugarcane have been reported namely, sugarcane 
bacilliform, sugarcane mosaic, sugarcane streak and Fiji disease viruses. 
Sugarcane bacilliform virus is a badnavirus and appears to cause the least 
severe of the virus diseases of sugarcane. The importance of the disease is 
difficult to ascertain, however, as symptoms associated with it are variable. 
No resistance to sugarcane bacilliform virus has yet been identified. 
Sugarcane mosaic caused by sugarcane mosaic potyvirus, is the most 
widespread virus disease of sugarcane. Control of the disec;~_se is mainly 
through the use of virus-free planting material and resistant varieties. The 
least studied of all the viral diseases of sugarcane is streak disease, caused 
by sugarcane streak geminivirus. Although this disease is less widespread 
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than mosaic disease, major economic losses occur to the sugarcane industry 
every year. Fiji disease is probably the most important virus disease affecting 
sugarcane in Queensland. 
Table 1 ;1. Major diseases of sugarcane 
Bacterial mottle Erwinia chrysanthemi creamy stripes along resistant varieties, 
Burkholder leafblade, chlorotic destroy infected material 
mottle 
Leaf scald Xanthomonas a/bilineans white-pencil streak res stant varieties, 
(ashby) Downson leaf chlorosis, wilting cold-hot water treatment 
Ratoon stunting C!avibacter xyli stunting clean seed plots, 
subsp xyli Davis clean harvesters 
Eye spot Drechsiera sacchari elongated spots with res stant varieties 
(Ebutler) Subram. Jain red-brown centers 
Parenchyma Pachymetra unthrifty appearance resistant varieties 
root rot chaunorhiza flaccid rotting roots 
Pineapple disease Ceratocystis paradoxa red and water dipping or spraying setts 
(Dade) C Mowcau internal tissues with fungicides 
Pythium root rot Pythium arrhenomanes, red-black lesions on the resistant varieties, 
P. myrioty/um, roots fungicides metalaxyl 
P. graminicola 
Red root Colletotrichum dull red spots on the resistant varieties 
falcatum Went stems and leaves 
Common rust Puccinia melanocephala red-brown to brown resistant varieties 
Hep Sydow spots on leaves, lesions 
Yellow spot Mycovel/osiella koepkei yellow spots on the resistant varieties 
Kriiger (Deighton) leaves 
Sugarcane bacilliform sugarcane bacilliform reported chlorotic leaf none 
virus badnavirus speckle 
Sugarcane mosaic virus sugarcane mosaic mosaic or mottle pattern 
potyvirus on leaves clean material 
Fiji disease Fiji disease reovirus whitish galls on the resistant varieties 
leaves and mid ribs 
Sugarcane sugarcane streak yell resistant varieties 
geminivirus streak on leaf blade 
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1.4 FIJI DISEASE 
1.4.1 A brief history 
The first documented report of sugarcane Fiji disease was in Fiji in 1886 
(Paclt, 1986). The disease was subsequently reported in Papua New Guinea 
in 1914 .and is thought to have originated in this country (Reddy, 1969). The 
disease has since spread to the Pacific Islands, Malaysia, Thailand (Anon, 
1962), Australia (Toohey and Nielsen, 1972) and the Malagasy Republic 
(Egan eta/., 1989) (Fig. 1.1 ). Two major outbreaks of the disease have been 
reported in Australia and Fiji in the 1970's and 1980's, respectively. These 
outbreaks were largely attributed to the widespread use of the agronomically 
elite but susceptible cane variety, NCo31 0 (Hayes, 1977 ; Egan and Fraser, 
1977). In Australia, the disease epidemic resulted in the infection of 70 million 
stools and a loss to the industry of $20 million. The disease has since been 
brought under control through the use of resistant cane varieties. 
1.4.2 Symptoms 
Historically, the diagnosis of Fiji disease has depended exclusively on the 
recognition of symptoms. This is unreliable since symptoms vary between 
cane varieties ranging from minor stunting and change in leaf habit, texture 
and color in resistant varieties to severe stunting, gall formation along the leaf 
blade, midrib and outside the leaf sheath and leaf distortion in susceptible 
varieties (Fig. 1.2 and Fig. 1.3). Gall formation is the most characteristic of the 
disease symptoms. Galls vary in size from being barely visible to 50 em in 
length and are the result of extensive cell proliferation in the vascular tissue 
near the meristem. These cells develop into abnormal phloem (gall-phloem) 
and xylem (gall-xylem) cells. Cellular studies revealed the presence of 
viroplasms in these abnormal cells (Hatta and Francki, 1981) in addition to 
the presence of intact virions, subvirions and tubular structures of unknown 
function (Hatta and Francki, 1981 ). This phenomenon has also been 
associated with animal reovirus infections (Michelangeli eta/., 1995; Murphy 
eta/., 1995). 
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0 
(> 
(/ . 
I sugarcane producing countries 
FDV-affected sugarcane producing countries 
0 reports of Perkinsiel/a saccharicida 
Figure 1.1. Map of sugarcane producing countries showing distribution of Fiji 
disease and the planthopper, Perkinsiella saccharicida. 
t) 
Figure 1.2. Healthy sugarcane (left and right) and stunted Fiji disease affected 
sugarcane (centre). The pole on the left is 2.5 metres in height. 
Gall 
Figure 1.3. Gall formation (arrowed) on a Fiji disease affected sugarcane leaf. 
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1.4.3 Transmission 
Fiji disease virus (FDV) is transmitted by delphacid planthoppers of the genus 
Perkinsie/la in a persistent manner. The first report of this was in the 
Philippines where Perkinsiella vastatrix Bredin was implicated as a vector 
(Ocfemia, 1933). Since this report, P. saccharicida Kirk and P. vitiensis Kirk 
have been reported as vectors in Australia and Fiji, respectively (Husain et 
a/., 1967). Thirteen species of Perkinsielfa have been identified in Papua New 
Guinea, but only one of these, P. la/okensis Muir, has been implicated as a 
vector of FDV ( Egan eta/., 1989). 
Investigations into the acquisition of FDV by the planthopper vector have 
been limited and have produced conflicting results. Daniels et a/. (1969) 
reported that the second to fifth instars and adults of P. lalohenis could not 
acquire the virus. This was later confirmed by Husain and Hutchinson (1971) 
who also failed to obtain acquisition by any nymph and concluded that 
acquisition must occur through the egg. In contrast, P.B. Hutchinson (as cited 
by Egan et a/., 1989) reported that first instars could acquire the virus. This 
was later confirmed in investigations with P. saccharicida in Queensland 
(Anon, 1979) where acquisition was also found with the second and possibly 
third instar but acquisition efficiency decreased as the instars aged. 
Acquisition of FDV by transovarial transmission in Perkinsiella has been 
reported with rates ranging from 0.2 to 17% (Nault, 1994). 
All attempts to mechanically transmit the disease have been unsuccessful 
(Hughes and Robinson, 1961) and there have been no reports of mechanical 
inoculation using purified virus or dsRNA (Matthews, 1991 ). 
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1.4.4 Causal agent 
Polyhedral particles of approximately 70 and 54 nm were initially observed in 
gall tissues of sugarcane showing symptoms of Fiji disease but not in healthy 
sugarcane (Fig. 1.4) (Giannotti and Monsarrat, 1968) and this was later 
confirmed by Teakle and Steindl (1969) and lkegami and Francki (1974). 
Similar particles were also observed in the planthopper, Perkinsiella 
saccharicida, fed on diseased sugarcane (Francki and Grivell, 1972). Further, 
both infected plant tissues and viruliferous insects contained inclusions called 
viroplasms (Hatta and Francki, 1981; Egan eta!., 1989). Francki and Jackson 
(1972) reported the presence of dsRNAs in gall tissues from infected 
sugarcane and RNA-dependent RNA polymerase activity was also detected 
in purified subviral particles (lkegami and Francki, 1976). Based on these 
reports, it was concluded that sugarcane Fiji disease was caused by a plant 
reovirus and this reovirus was named Fiji disease virus (FDV). 
Subsequent studies have shown that the complete virion is an icosahedral 
particle of 70 nm diameter. The outershell of the virion contains A-spike 
projections at each vertice, 1 0 -14 nm wide and 8 - 9 nm in length. (Hatta and 
Francki, 1977) (Fig.1.5). The outershell and A-spike are easily lost during 
purification yielding subviral particles (SVP) of 54 nm diameter. The subviral 
particles contain 8-spikes which are 9 - 13 nm wide and 8 nm in length (Fig. 
1.5). This morphology is typical of all members in the family reoviridae. 
Francki eta/. (1985) suggested that the 8 spikes might function as channels 
for releasing new transcripts during replication. It has been shown that the 
outer shell of reoviruses has to be removed in order to activate the RNA-
dependent RNA polymerase. However, there is no requirement for enzymatic 
degradation of FDV as the outer shell is easily lost (Shatkin and Sipe, 1968; 
Francki and Grivell, 1972; Shatkin and Lafiandra, 1972). 
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Figure 1.4. Electron micrograph of FDV subviral particles stained with uranyl 
acetate. A- and 8-spikes are indicated. Bar marker represents 50 nm. 
outercapsid 
/ 
8-spike 
Figure 1.5. Schematic representation of FDV particle (Hatta and Francki , 1977) 
showing the A-spikes, the outercapsid , 8-spikes and the viral core. 
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1.4.5 Diagnosis 
Historically, the only means of diagnosing Fiji disease has been the 
recognition of symptoms. This method is unreliable, however, due to the 
variability of symptoms and the delay of onset of symptoms. Giannotti and 
Monsarrat (1968) were able to detect virus particles by electron microscopic 
examination of infected tissue, particularly galls, and this was later confirmed 
by other investigators (Teakle and Steindel, 1969; Francki and Grivell, 1972; 
Milne et a/., 1973). However, this means of detection is expensive and 
laborious. Following the successful purification of FDV by lkegami and 
Francki (1974), antiserum against FDV was produced and used for the 
detection of FDV. Using an ELISA based system, Rohozinski eta/. (1981) first 
described the detection of FDV in gall tissue. Wagih and Adkins (1996) later 
developed an ELISA technique to detect FDV in non-gall tissue. 
DNA probes have also been developed for detection of FDV by dot blot 
hybridization (Skotnicki eta!., 1986). This technique was used to detect FDV 
RNA in various parts of infected plants with the highest concentration 
occurring in the gall tissue. DNA probes have the advantage of being more 
sensitive than ELISA and large numbers of samples can be tested. Smith et 
a/. (1994) also reported the use of an FDV specific probe to detect viral RNA 
in symptomless sugarcane. 
The polymerase chain reaction (PCR) has been widely used in the detection 
of both plant and animal reovirus diseases (Smith et a/., 1992; Smith and 
Vandevelde, 1994; Parsonson and McColl, 1995; Grinde et a!., 1995; 
Pongsuwanna et a!., 1996). The advantage of this method is its increased 
sensitivity which is reported to be as much as 100 times greater than DNA or 
RNA probes (Smith eta/., 1992). 
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1.4.6 Control 
1.4.6.1 Conventional control 
There are a number of important factors to be considered when devising 
strategies to control FDV; (i) Perkinsiella species appear to be the only 
natural ·insect host of FDV but not all species are vectors of FDV; (ii) 
commercial varieties of sugarcane are genotypically highly complex; (iii) FDV 
does not occur in all sugarcane producing regions; and (iv) sugarcane is 
produced as a large scale intensive plantation crop. As such, the control 
strategies used in each situation may vary. 
Quarantine has been widely used to control the movement of Fiji disease. 
Under such controls, restrictions are placed on the movement of sugarcane 
germplasm within and between sugarcane producing countries. Any 
germplasm being transported between quarantine zones is subjected to 
extensive indexing for the disease. Such germplasm quarantine facilities have 
been established in the USA, South Africa, Taiwan, Mauritius and Australia. 
In Australia, the sugarcane cultivating regions have been divided into nine 
quarantine zones to prevent the transfer of sugarcane diseases. 
Other control measures for Fiji disease include the removal of diseased 
material or roguing, the use of disease-free material, and the use of resistant 
varieties. In Australia and Fiji, where several epidemics of Fiji disease have 
occurred, the use of resistant varieties has proven to be the most effective 
control method. 
1.4.6.2 Potential non-conventional control 
Plant viruses are dependent on their host for the cellular machinery needed to 
complete their life cycle (Culver, 1995). Any disruption of this interaction can 
prevent disease development. Three strategies have been developed to 
interfere with this interaction and provide virus resistance: (i) pathogen-
derived resistance; (ii) pathogen-targeted resistance and (iii) host-derived 
resistance. 
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1.4.6.2.1 Pathogen-derived resistance 
Pathogen-derived resistance relates to the integration of pathogen 
components into plant hosts that interfere with the normal viral life cycle. This 
concept was first described by Sanford and Johnson (1985) and is based on 
the principle that viral derived components that are overexpressed, 
dysfunctional or appear at the wrong stage of the viral life cycle can interrupt 
the completion of viral life cycle. There have been several successful 
pathogen-mediated resistance strategies reported including expression of the 
viral coat protein, movement and replicase-associated proteins and viral 
antisense or untranslatable RNA. 
Coat protein-mediated resistance was first demonstrated by Powell-Abel et a/. 
(1986). Transgenic tobacco that expressed tobacco mosaic virus (TMV) coat 
protein were asymptomatic after being challenged with TMV. Further studies 
showed that this protection (or tolerance) was effective regardless of the 
mode of virus challenge, but protection was dependent on the concentration 
of inoculum (Kawchuk et a/., 1990; Lawton et a/., 1990; Quemada et a/., 
1991 ). Coat protein-mediated resistance is generally limited to the 
homologous virus and possibly some related strains. However, there are a 
· few exceptions, such as soybean mosaic potyvirus (SbMV) (Stark and 
Beachy, 1989; Ling et a/., 1991 ). Stark and Beachy (1989) showed that a 
transgenic tobacco expressing the coat protein of SbMV not only protected 
the plants against SbMV but also provided a high level of protection against 
tobacco etch potyvirus (TEV) and potato virus Y (PVY). 
Replicase-mediated resistance was first reported by Golembeski eta/. (1990). 
They demonstrated that expression of a 54 kDa component of the TMV 
replicase in tobacco conferred resistance to TMV and this resistance was 
independent of the amount of inoculum and more effective than that 
associated with coat protein-mediated resistance. Similar results have been 
reported for pea early browning tobravirus (PEBV) (MacFarlane and Davis, 
1992), potato X potexvirus (PVX) (Braun and Hemenway, 1992) and tomato 
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yellow leaf curl geminivirus (TYLCV) (Brunett et a/., 1997). In one case, 
cucumber mosaic virus (CMV) was restricted from entering minor veins in 
transgenic tobacco containing the replicase gene (Wintermantel eta/., 1997). 
Antisense and untranslatable RNA-mediated resistance strategies aim to 
hybridize viral RNA with complementary RNA sequences transcribed by 
plants thereby preventing replication and translation and subsequently 
leading to degradation of viral genome. This mechanism has been reported to 
provide resistance against CMV, PVX, TMV and TYLCV (Hemenway eta/., 
1988; Powell et a!., 1989; Angennent et a/., 1990; Bendahmane and 
Gronenborn, 1997). 
Viral movement protein-mediated resistance strategies differ from other 
pathogen-derived resistance in that resistance is targeted at preventing 
systemic spread of the virus rather than inhibition of viral replication or 
assembly. By creating defective movement proteins or proteins that block the 
receptors activated by functional movement proteins, the essential processes 
necessary for the transport of virions or viral nucleic acid to adjacent cells 
through plasmodesmata or viral induced tubules might be blocked or inhibited 
(Angel et a/., 1996). Lapidot et a/. (1993) reported that a dysfunctional 
movement protein of TMV expressed in tobacco inhibited systemic spread of 
TMV following inoculation. Later, Cooper eta/. (1995) showed that expression 
of a defective TMV movement protein also conferred resistance in transgenic 
plants against several tobamoviruses. They further showed that the 
expression of the wild type movement protein in transgenic plants increased 
the sensitivity of the plants to systemic spread of the viruses. These 
observations suggest that movement proteins of plant viruses have similar 
functions despite the lack of extensive sequence homology between them. 
There are several proposed mechanisms to explain pathogen-derived 
resistance. Firstly, the expression of viral proteins or part of the viral proteins 
may inhibit or interfere with the normal virus life (Seppanen et a!., 1997). A 
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second mechanism is gene silencing. There are 2 types of gene silencing; 
transcriptional gene silencing and post transcriptional gene silencing 
(Finnegan and McElroy, 1994; Meyer, 1995; English et a/., 1996). In 
transcriptional gene silencing, the gene promoter is methylated thus inhibiting 
gene transcription (Meyer, 1995). The second type of gene silencing, post 
transcriptional gene silencing, occurs when coding areas of genes are 
methylated (Sijen et a/., 1996). Post transcriptional gene silencing was 
demonstrated in many cases involving transgene mediated virus resistance in 
plant hosts (Sijen et a/., 1996; Guo and Garcia, 1997; Tanzer et a/., 1997). 
Integration of multiple transgene copies, foreign RNA, transgene insert into 
hypermethylated genomic regions and transgene recognition due to age and 
environmental stress are believed to contribute to the induction of the gene 
silencing (Finnegan and McElroy, 1994; Meyer, 1995). 
Another possible mechanism of pathogen-derived resistance is the activation 
of the host hypersensitive response. Plant hosts react against the pathogens 
in various ways including lesion development and production of salicylic acid 
(Keen, 1990), but in many cases, the response is not sufficient to stop 
invasion. The introduction of virus genes or truncated version of the genes 
into plant hosts can elicit the plant defense response. Transgenic plants, 
therefore, can react vigorously against pathogen infection and hence stop the 
infection (Dardick and Culver, 1997; Kim and Palukaitis, 1997; Delacruz eta/., 
1997; Padgett eta/., 1997). 
1.4.6.2.2 Pathogen-targeted resistance 
The use of pathogen-targeted resistance strategies is not as common as 
other non-conventional measures. Pathogen-targeted resistance aims to 
inactivate the virus pathogen by targeting a viral function or component. 
Elements used in these approaches may contain pathogen comp_onents, such 
as gene sequences, but the region active in pathogen disruption would not be 
of viral origin (Culver, 1995). Examples include the use of viral antibodies 
expressed by the plant, referred to as plantibodies, and ribozymes. 
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Ribozymes are the most widely reported pathogen-targeted resistance 
measure. The principle of this strategy is that by transcribing antisense 
sequences (ribozymes) in the plant which recognize complementary viral 
RNA sequences and act in trans to splice them, replication and translation of 
viral RNA is blocked. There have been many reports of this mechanism being 
utilized both in vivo and in vitro against plant viruses including TMV and 
potato leaf roll luteovirus (PLRV) (Edington et a/., 1990; Lamb et a/., 1990) 
although more investigation needs to done in order to determine optimal 
conditions for ribozyme activation. 
1.4.6.2.3 Host-derived resistance 
It is known that some plants are resistant to certain pathogens due to a 
hypersensitive response (Keen, 1990). This response is often characterized 
by necrotic lesions at the site of pathogen ingress and is a result of the plant 
having the capacity to specifically recognise the pathogen (Keen, 1990). A 
resistance gene in tobacco for TMV, gene-N, was identified and cloned by 
Whitham eta/. (1994). Analysis of the gene N-protein suggests that it is a 
cytoplasmic protein comprised of three domains, a nucleotide binding domain, 
a leucine rich repeated domain and an N-terminal domain. Sequence analysis 
of the N-protein revealed homology with the N-terminus of the Drosophila Toll 
protein and the interleukin-1 receptor (IL-1 R). Toll and IL-1 R proteins function 
as stimulators of defense mechanisms in Drosophila and humans, 
respectively (Whitham et a/., 1994). The N-protein is thought to trigger an 
intercellular signal transduction cascade similar to those triggered by Toll and 
IL-1R. 
Other plant natural defense proteins are ribosome-inactivating proteins 
(RIPs). RIPs are found in a variety of higher plant species, predominantly as 
catalytic single chains and less frequently as a heterodimeric toxin, in which a 
catalytic chain (A-chain) is joined to a cell surface-binding protein (B-chain) 
with galactose specificity (Hong et a/., 1996). RIPs function by catalytic 
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depurination of a specific adenosine located near the 3' terminus of 
eukaryotic large ribosomal subunit rRNA, preventing EF-2/GTP binding and 
therefore blocking peptidyl tRNA translocation during protein synthesis (Hong 
et a/., 1996). Recently, transgenic plants containing the dianthin gene, a 
potent RIP from Dianthus caryophyllus, and transgenic plants containing a 
deletion mutant of the C terminus of pokeweed antiviral protein (PAP), were 
shown to have resistance against African cassava mosaic geminivirus and 
PVX, respectively (Hong eta!., 1996; Turner eta/., 1997). 
1.5 FAMILY REOVIRIDAE 
FDV is the type member of the genus Fijivirus and is classified in the family 
reoviridae of which there are nine genera (Murphy et a/., 1995) (Table 1.2). 
Despite having different hosts, all members share common characters (Table 
1.3). 
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Table 1.2. Genera in Family Reoviridae (Uyeda and Milne, 1995). 
Fijivirus Fiji disease virus flowering plants, planthoppers 
Oryzavirus rice ragged stunt virus flowering plants, planthoppers 
Orthoreovirus reovirus type I vertebrates 
Orbivirus bluetongue virus vertebrates, arthropods 
Coltivirus colorado tick fever virus vertebrates, arthropods 
human rotavirus mam , birds 
Aquareovirus golden shiner virus fish, cephalopods 
Cypovirus Bombyx mori cypovirus I insects 
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Table 1.3. Common characteristics of Reoviridae. 
• Non-enveloped double shelled icosahedral virions (60 - 80 nm in diameter) 
• Genome of 10 to 12 segments of dsRNA 
• Active RNA dependent RNA polymerase and replicase associated proteins encapsidated 
in virions 
• Cytoplasmic replication 
• Genetic reassortment occurs between species within genus 
• Buoyant density in CsCI of 1.36 - 1.39 g/cm3 
1.5.1 Plant reoviruses and Nilaparvata Jugens reovirus 
1.5.1.1 Classification 
Plant infecting genera of the reoviridae include Phytoreovirus, Fijivirus and 
Oryzavirus. All plant infecting members share unique features; (i) capacity to 
multiply in both insect vectors and plant host; (ii) ability to induce tumors or 
neoplasia and other tissue abnormalities especially in the phloem; (iii) most 
are monocistronic; and (iv) most have a narrow host range and specificity with 
regard to infected tissue type (Uyeda and Milne, 1995). The characteristics of 
the plant-infecting reoviruses which allow then to be classified into three 
genera include number of genomic dsRNA segments and their electrophoretic 
profile, hosts, serological relationships and capsid morphology (Table 1.4). 
20 
However, the non-plant infecting reovirus, Nilaparvata lugens reovirus, has 
been included in this group based on its genome (number of dsRNA 
segments), nucleotide sequence similarity and insect host (Uyeda and Milne, 
1995). The genus Fijivirus, unlike other genera of the plant-infecting 
reoviridae, is further subdivided into three groups based on serology (Table 
1.4). Of these FDV is the sole member of serogroup 1. 
1.5.1.2 Structure and function of Reoviridae particle 
Although reoviriuses have a very broad range of hosts including plants, 
insects and animals, their shape and size is surprisingly similar (Bruenn, 
1991; lshihama and Barbier, 1994). Therefore, these unique characteristics 
are likely to play fundamentally important roles in their replication cycles. 
Data regarding the structure and function of plant reoviruses has been 
obtained from studies of rice dwarf virus (RDV). Mizuno eta/. (1986) reporied 
that genomic RNA of RDV was packaged in a supercoiled structure within the 
particle. Crystallization and X-ray studies showed that RDV particles exist as 
double shelled icosahedra 693 angstroms in diameter (Mizuno et a/., 1991 ). 
The core particle of the virus contains 12 segments of dsRNA and four 
specific proteins, P1, P3, P5, and P7 while the outercapsid is composed of 
two proteins, P2 and PS (Suzuki, 1995; Zhu eta/., 1997). A yeast two hybrid 
revealed that P3 bound to itself as well as P7 (nucleotide binding protein) and 
PS, while P7 bound to P3, PS and P1 (RNA dependent RNA polymerase). It 
was hypothesized that the core structure was based on P3-P3 interactions 
while P7 was essential for binding to multiple proteins and nucleic acids 
(Ueda et a/., 1997). 
21 
Table 1.4. Plant reoviruses and possible members of the plant reovirus group 
(modified from Uyeda and Milne, 1995). 
Wound tumor virus ( WTV) dicots leafhoppers 
Phytoreovirus Rice dwarf virus (RDV) monocots leafhoppers 
Rice gall dwarf virus (RGDV) monocots leafhoppers 
Fijivirus 
serogroup 1 Fiji disease virus (FDV) monocots planthoppers 
serogroup 2 Maize rough dwarf virus (MRDV) monocots planthoppers 
Mal de Rio Cuarto strain of MRDV monocots planthoppers 
Cereal tillering disease strain monocots planthoppers 
Rice black streaked dwarf virus (RBSDV) monocots planthoppers 
Pangola stunt virus (PaSV) 
monocots planthoppers 
serogroup 3 
Oat sterile dwarf virus (OSDV) monocots planthoppers 
Oryzavirus Rice ragged stunt virus (RRSV) monocots planthoppers 
Echinochloa ragged stunt virus monocots planthoppers 
(ERSV) 
undecided Garlic dwarf virus (possible Fijivirus) monocots not known 
status Nilaparvata lugens reovirus (possible Fijivirus) planthopper 
(Nilaparvata 
lugens) 
Narino dwarf virus (possible oryzavirus) monocots not known 
Toluca reovirus (possible phytoreovirus) monocots not known 
Rice bunchy stunt reovirus (possible phytoreovirus) monocots planthoppers 
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Yan eta/. (1996) reported that the appearance of viral particle with or without 
P2 was indistinguishable suggesting that the organization of the outercapsid 
was dependent on the arrangement of P8. From the three dimensional 
structure and calculation of the volume of unit structures, it was concluded 
that the· capsomere structure, the unit formation of the outercapsid protein 
was composed of a trimer of P8 (46 kDa protein) (Omura eta/., 1989; Zhu et 
a/., 1997). This finding coincided with studies on other reoviruses which 
showed that the outer layers are composed of trimers. These were the f-t1 of 
reovirus, VP6 of rotavirus, and VP7 of bluetongue virus (Zhu et a/., 1997). 
The significance of similarity in morphological structure in members of the 
reoviridae family is still unclear. 
Several animal reoviriuses have been extensively studied. Using electron 
cryomicroscopy and computer image analysis, Prasad et a/. (1996) showed 
that the genomic RNA of rotaviruses formed dodecahedral structures in which 
the RNA double helices interacting with the inner capsid layer were packed 
around an enzyme complex (VP1, VP3) located at the icosahedral 5-fold 
axes. These complexs contain the largest amount of packaged RNA 
observed in any virus structure. However, it is unclear how the individual 
segments are arranged in these complexes. Inner capsid protein (VP2) not 
only maintains the structure of genomic RNA but also helps to position the 
viral complex for transcription. In addition, this protein provides a structure for 
the assembly of another viral protein, VP6, and prevents aggregation of the 
highly hydrophobic core component of the particles. It is believed that VP2 
may undergo conformational change during transcription to facilitate the exit 
of RNA transcripts. Similar structure have been found in aquareovirus and 
mammalian reoviruses (Shaw eta/., 1996). 
The outer layer of animal reovirus particles, however, displays host specificity. 
Shaw eta/. (1996) showed that although aquareovirus displayed remarkable 
similarity to the mammalian reovirus intermediate subviral particle, it lacked 
the hemagglutinin spike observed in mammalian reovirus. In plant reoviruses, 
23 
P2 was found to be important for RDV infection (Yan eta/., 1996). Although 
the P2 protein of RDV and RGDV, another phytoreovirus, are similar in size, 
location and conserved sequences, they are chemically dissimilar. While P2 
of RDV loses its infectivity after CC14 treatment, P2 of RGDV was found to 
retain its infectivity (Maruyama et a/., 1997). This showed that individual 
species of reoviruses, although sharing similarity in the size, location and 
arrangement of their proteins, have their own specificity toward hosts. 
1.5.1.3 Replication 
The success of viruses as infectious agents is dependent on their ability to 
replicate in a host. In viruses within the reoviridae, the amino acid sequence 
of the RNA dependent RNA polymerase is surprisingly similar (Bruenn, 1991; 
lshihama and Barbier, 1994). Although reovirus RNA dependent RNA 
polymerases may recognise different binding sites on viral RNA and interact 
with different viral and host proteins, there are common functions such as 
binding of Mg++, rNTPs and template RNA and RNA polymerase activity 
(Ribas and Wickner, 1992). More information is available on the mechanism 
of replication of animal reoviruses than plant reoviruses. Consequently, 
replication strategies of animal reoviruses can be used as a model to explain 
similar mechanisms in those reoviridae infecting plants and insects. 
The replication of plant reoviruses, like that of other members of the 
reoviridae, occurs in the core (Matthews, 1991 ). This process starts when 
intact particles enter the host cells. The outershell is digested by host-derived 
cellular digestive enzymes at which stage the core becomes transcriptionally 
active. In animal reoviruses the inner spike then undergoes conformational 
changes. It is not known whether a similar process occurs in plant cells (Yin et 
a!., 1996) since phytoreoviruses, unlike other plant reoviruses, do not possess 
spikes. Within the core, full length plus strand RNAs to each of the genome 
segments are synthesized using the viral RNA dependent RNA polymerase 
and these are subsequently capped by a viral guanylyltransferase (Rhode et 
a/., 1977; Mao and Joklik, 1991; Martinez-Costas et a/., 1995). In animal 
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reoviruses, the inner spikes possess guanylyltransferase activity (Cleveland 
eta/., 1986; Mao eta/., 1991). The viral +ssRNAs, which act as mRNA, are 
not polyadenylated which is consistent with most other viral or cellular mRNA 
(Matthews, 1991; Poncet et a/., 1993; Murphy et a/., 1995). These RNAs 
move through the inner spikes into the cell cytoplasm (McCrae, 1987; Lawton 
et al., 1997) where they act as mRNA and use host cellular machinery to 
produce viral proteins. Studies have shown that these viral RNAs are stable 
for some time in the cytoplasm although it is not clear why these RNAs are 
not destroyed by the plant defense mechanisms. It has been postulated that 
the secondary structure associated with the viral RNA is not recognized by 
the virus host. After the viral proteins have been translated, the viral +ssRNAs 
then bind to specific viral proteins and move to the viroplasm. In rotaviruses, 
the RNA binding protein has been identified as NSP3 which binds to the 3' 
end consensus sequences of ssRNAs (Poncet eta/., 1994; Rao eta/., 1995). 
In the viroplasm, the provirions containing +ssRNAs and viral proteins are 
packaged. The negative sense RNAs are then synthesized and the complete 
virion is formed. Movement of the complete virion to other cells is thought to 
occur through tubular structures which are predominantly in peri- or 
juxtanuclear locations and are attached to the intermediate filament of the cell 
cytoskeleton (Roy, 1996). 
1.6 STRUCTURE AND GENOME ORGANIZATION OF PLANT 
REOVIRUSES 
1.6.1 Genus Phytoreovirus 
1.6.1.1 Wound tumor virus 
Wound tumor virus (WTV) is an insect transmitted virus affecting various 
dicots. In contrast to other phytoreoviruses, WTV is unable to infect monocot 
plants (Nuss and Dall, 1990). The virus causes enation, hyperplastic growth, 
stunting and distortion of leaves in infected plants (Nuss and Dall, 1990). The 
virus is efficiently transmitted by leafhoppers Agallia constricta and Agal/iopsis 
novella (Nuss, 1984) and once infected, the insects retain the ability to 
transmit the virus for life. 
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The genome of wound tumor virus (VVTV) consists of 12 segments of dsRNA 
of which nine have been fully sequenced (Nuss and Dall, 1990) (Table 1.5). 
Segments 1, 2, and 3 have been partially sequenced at the 5' and 3' termini. 
Sequence analysis of the wrv genome revealed the presence of conserved 
5' terminal hexanucleotide and 3' terminal tetranucleotide sequences, 
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'GGUAUU .............. UGAU3', with adjacent 6 - 14 nucleotide segment specific 
inverted repeats. Studies with defective interfering (DI) RNA's of WN 
indicated that the viral RNA could replicate and package at the normal rate 
even though more than 78% of its internal sequence was missing (Anzola et 
a/., 1987). This indicated that the important information for replication and 
packaging was located at the terminal domains. Moreover, it showed that 
packaging of a genome equivalent of terminal structure is favored over 
packaging of a genome equivalent of nucleotide bases. Further, packaging of 
one pair of terminal structures excluded the packaging of a second copy of 
the same pair of terminal structures (Anzola et a/., 1987). From these 
observations, it was concluded that the virus needs at least 2 operational 
recognition domains; one that specifies viral RNA and another to recognise 
individual segments. It is believed that the conserved 5' and 3' terminal 
sequences are viral-self-signals while the segment specific inverted repeats 
are individual segment recognition sites (Nuss and Dall, 1990; Dall et a/., 
1990). These structural motifs are not only found in plant reoviruses, but also 
occur in a number of other members of the reoviridae and negative sense 
single-stranded RNA viruses such as influenza virus (Desselberger et a/., 
1980; Stoeckle eta/., 1987). 
Each segment of WTV codes for a single ORF with the exception of S12 
which codes for 2 ORFs. The ORFs of each segment. account for 
approximately 83- 92% of the total genome (Nuss and Dall, 1990). 
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Table 1.5. Organization of \NTV dsRNA segments and the putative function of 
the encoded proteins. 
structu protein 
(core) 
S2 P2 130 structural protein 
(outer layer) 
S3 P3 108 structural protein 
(core) 
S4 2565 63 306 Pns4 81.1 NS protein 
(732) (unknown) 
S5 2613 25 176 P5 91 structural protein 
(804) (outer layer) 
S6 1700 44 96 Pns7 58.7 NS protein 
(520) (unknown) 
S7 1726 20 149 P6 57.6 structural protein 
(519) (core) 
S8 1472 18 173 P8 48 structural protein 
(427) (unknown) 
S9 1182 25 122 Pns10 38.6 NS protein 
(345) (unknown) 
S10 1172 24 107 Pns11 39 NS protein 
(347) (unknown) 
S11 1128 21 168 P9 35.6 structural protein 
(313) (capsid) 
S12 851 34 283 Pns12 19.2 NS protein 
(un 
Seven structural proteins, P1, P2, P3, P5, P6, PS and P9, with respective 
sizes of 155, 130, 108, 91, 57.6, 48, and 35 kDa have been detected in 
purified viral preparations (Reddy and Macleod, 1976) and have been 
assigned as products of genome segments S1, S2, S3, S5, S7, SS, and S11, 
respectively. P2, P5 and P8 are the outer coat and capsid proteins while the 
remaining proteins are located in the core (Xu eta/., 1989). 
Five viral proteins, Pns4 (81 kDa), Pns7 (58 kDa), Pns1 0 (38.6 kDa), Pns11 
(38.9 kDa) and Pns12 (19.2 kDa), have been identified as· being non-
structural (Anzola et a/., 1989). These proteins are encoded by segments 4, 
7, 9, 10 and 12, respectively (Anzola et a/., 1989). All WTV non-structural 
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proteins have been detected both in vivo and in vitro (Nuss and Peterson, 
1980; Xu eta/., 1989). 
Segments 1, 2 and 3 
There is no available sequence for S1, S2 and S3. However, it was 
postulated that S1 codes for protein P1 (155 kDa) due to its size (Nuss and 
Peterson, 1980). P1 is a core structural protein and it may be one of the 
enzymes associated with the dsRNA genome (Reddy eta/., 1977). 
S2 is believed to code for an outer capsid protein (Nuss and Peterson, 1980). 
This is based on the lack of insect transmissibility of a WfV mutant lacking an 
intact S2 and its product P2. This mutant virus arose as a result of the 
continuous vegetative propagation of the virus (Reddy and Black, 1977). 
Based on size, S3 is believed to code for the structural protein P3 which is 
located in the core of the virus (Nuss and Peterson, 1980) and has been 
associated with the dsRNA genome (Reddy eta!., 1977). 
Segment 4 
S4 codes for Pns4, a non-structural protein consisting of 732 amino acids (72 
kDa) (Anzola eta/., 1989). The carboxyl terminus of Pns4 is rich in glutamic 
acid residues between position 721 - 728 (Anzola et a/., 1989) but the 
function of this protein is not yet known. 
Segment 5 
Segment 5 codes for the capsid protein, P5, and is thought to be involved in 
vector transmission. Under continuous vegetative propagation, Nuss and 
Summers (1984) found that WfV could lose up to 78% of the internal 
sequence of S5 without affecting its ability to systemically infect its host. 
However, the transmissibility of the virus by the leafhopper vector was lost. 
Although S5 has been implicated in vector transmission, the exact role that 
the protein plays is unknown (Nuss and Peterson, 1980).This segment has 
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been primarily used in studies on the function and effects of the conserved 
inverted repeats mentioned previously (Anzola eta!., 1987). 
Segment 6 
Segment 6 (1700 bp) encodes the non-structural protein Pns7 which has a 
molecular weight of 58.7 kDa. There have been no reports on the 
characterization of Pns7. 
Segment 7 
Segment 7 (1726 bp) codes for P6, a core protein of 519 amino acids with a 
molecular weight of 57.6 kDa (Anzola et a/., 1989, Xu et a/., 1989). There 
have been no reports on the characterization of this protein. 
Segment 8 
Segment 8 (1472 bp) codes for the capsid protein, P8. A high degree of 
sequence homology exists between P8 of wrv and P8 of RDV; 43.8% at the 
amino acid level and 54.5% at the nucleotide level (Suzuki et a/., 1990).The 
ratio of a-helix to ~-sheet for P8 of wrv is 4%:71% (Anzola eta/., 1989). This 
ratio was similar to that obtained by Joklik and co-workers in human reovirus 
structural protein studies (Wiener and Joklik, 1987; Bartlett and Joklik, 1988; 
Wiener and Joklik, 1988). They suggested that the a-helix content can be 
used as a criterion to predict the function of protein by a considerably lower 
ratio of a-helix to ~-sheet in structural proteins than that of non-structural 
proteins. 
Segment 9 
Segment 9 (1182 bp) codes for the non-structural protein, Pns10 (Anzola et 
a/., 1989). Amino acid analysis revealed the protein contains 40 strongly 
positively charged and 36 strongly negatively charged amino acids with a pi 
of 8.54 (Anzola et a/., 1989). The function of these domains and the entire 
protein is not known. 
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Segment 10 
Segment 10 (1172 bp) codes for the non-structural protein, Pns 11 (Anzola et 
a/., 1989). Like Pns10, Pns11 has a strongly positive charged domain of 37 
amino acids and a second domain of 50 strongly negatively charged amino 
acids in a protein of 347 amino acids (Anzola et a/., 1989). Pns11 has an 
acidic pi of 4.75. The function of Pns11 and the role of the two domains is 
unknown. 
Segment 11 
Segment 11 (1128 bp) codes for the capsomere protein, P9 (Dall et a/., 
1989). There is a high degree of sequence homology between P9 of WTV 
and P9 of RDV, being 31.9% at the amino acid level and 53.3% at the 
nucleotide level, further confirming the relatedness of the two viruses. 
Segment 12 
Segment 12 (851 bp) codes for the non-structural protein, Pns12 (Nuss and 
Dall, 1990). This 178 amino acid protein has a series of alternating acidic and 
basic domains near its carboxyl terminus (Nuss and Dall, 1990) but the 
significance of this has not been ascertained. No function has yet been 
associated with Pns12. 
1.6.1.2 Rice dwarf virus 
Rice dwarf disease is an insect transmitted disease of rice (Oryza sativa) and 
Echinochloa galli (lid a et a/., 1972). Infected plants are severely stunted and 
develop mosaic symptoms (Francki and Boccardo, 1983). The disease was 
first reported in Japan in 1883 and has subsequently spread throughout 
Korea and Mainland China (Francki and Boccardo, 1983) The_disease was 
shown to be caused by a virus following the purification of virus particles from 
infected plants (Uyeda and Shikata, 1982). Rice dwarf virus (RDV) is 
transmitted by Nephotettix cinctceps, N. apticals, N. nigropictus and Reci/ia 
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dorsalis. The virus replicates in its insect vector and is transovarially 
transmitted (Suzuki eta/., 1994). 
RDV intact particles are double shelled icosahedra 70 nm in diameter with a 
35 nm diameter core (Mizuno eta/., 1991 ). Like VVTV, RDV has no spike on 
either the outer or inner shell. Fukumoto eta/. (1996) showed that protectants 
such as sucrose effected conformation and infectivity of L- dried RDV. 
The genome consists of 12 segments of double stranded RNA, ranging in 
size from 1066 - 4230 bp, which are packaged in a supercoiled form within 
the virus particle (Mizuno eta/., 1986). All 12 segments have been sequenced 
and the functions of most of the encoded proteins have been determined 
using in vivo and in vitro studies. DsRNA segments 8, 11 and 12 are 
polycistronic and code for 2, 2 and 3 proteins, respectively, while the 
remaining 1 0 segments code for a single protein which account for 
approximately 80- 96% of the total genome sequence (Table 1.6). 
Analysis of each genomic segment has revealed 5' and 3' conserved terminal 
sequences, s·GGUA .................... UGAU3·, and a segment specific inverted 
repeat adjacent to the 3' terminal sequence (Kudo et a/., 1991 ). Like VVTV, 
the terminal sequences of RDV are believed to be involved in replication, 
sorting and packaging of the segments in the virus particle (Anzola et a/., 
1987). 
Seven structural proteins, P1, P2, P3, P5, P7, P8 and P8', with molecular 
weights of 170, 123, 114, 90, 55, 46 and 42 kDa have been detected from 
purified virus preparations (Suzuki, 1995). With the exception of P2, P8 and 
P8' which are outer capsid proteins, all proteins have been associated with 
the core of the virus. The proteins encoded by segments 4, 6, 19, 11 and 12 
are viral non-structural proteins as confirmed by in vitro translation from full-
length eDNA's (Suzuki, 1993). 
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Table 1.6. Organization of RDV dsRNA segments and the putative function of 
the encoded proteins. 
S1 4230 35 53 P1 (1444) 170 transcriptase 
(core) 
S2 3512 14 147 P2(1116) 123 structural protein 
(outer layer) 
S3 3195 38 97 P3(1019) 114 structural protein 
(core) 
S4 2468 63 221 Pns4(727) 79.8 NS protein 
(unknown) 
ss 2571 26 138 P5(801) 90 structural protein 
(core) 
S6 1699 48 121 Pns6(509) 56 NS protein 
(unknown) 
S7 1696 25 150 P7(506) 55 structural protein 
(core) 
S8 1424 23 138 P8(420) 46.2 structural protein 
P8'(???) 42 (major outercapsid) 
S9 1305 24 225 Pns9(351) 38.9 NS protein 
(unknown) 
S10 1319 26 233 Pns10(352) 39 NS protein 
(unknown) 
S11 1067 5 492 Pns11 b (189) 23 NS protein 
29 492 Pns11a (191) 24 (unknown) 
S12 1066 41 86 Pns12 33 NS protein 
312 475 PnsOPa 8 (unknown) 336 475 PnsOPb 7 
Segment 1 
Segment 1 (4423 bp) codes for the minor protein, P1. This is believed to be 
an RNA dependent RNA polymerase (Suzuki et a/., 1992) based on 
homology with the RNA dependent RNA polymerases of rotavirus (Cohen et 
at., 1989), reovirus (Wiener and Joklik, 1989) and bluetongue virus (Roy eta/., 
1988). 
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Segment 2 
Segment 2 (3,512 bp) codes for the outer capsid protein, P2 (Nakata eta/., 
1978). P2 plays several important roles including adsorption of the virus to 
insect cells and the initiation of multiplication of the virus within cells (Yan et 
a/., 1996). In membrane feeding experiments, only those virions which 
retained P2 could be acquired by the vector (Omura et a/., 1994). 
Transmission competent virus in which P2 was eliminated by CCI treatment 
4 
was not able to be propagated in the insect vector (Yan eta/., 1996). Recent 
studies have shown that RDV loses its ability to infect the vector after 
passaging in the plant host (Tomaru eta/., 1997). Further, the absence of P2 
was shown to be due to a failure to synthesize P2. Sequence analysis of 
segment 2 from transmission deficient RDV revealed the presence of a 
premature termination codon due to a point mutation in the open reading 
frame. 
Segment 3 
Segment 3 codes for the major structural core protein, P3 (Suzuki et a/., 
1990). Sequence similarities exist between P3 and an RNA dependent RNA 
polymerase present in a transposable genetic element of Drosophila 
melanogaster (Yamada et a!., 1990). Zhang et a!. (1997) cloned and 
sequenced a Chinese isolate of RDV S3 and reported the similarity between 
RDV P3 and VP4 of rotavirus and spheroidin of amsacta entomopoxvirus. 
VP4 of rotavirus forms spikes on the virus particle and is involved in the 
activation of rotavirus following penetration of the host cell. Spheroidin, a 
protein found in an inclusion body in virus infected cells, has an ATP 
dependent protease binding subunit. This suggested that P3 was a 
multifunctional protein which might play role in viral structure formation, viral 
replication and penetration processes. This suggestion was supported by 
studies by Ueda et a/. (1997) who hypothesized that the core structure was 
formed by P3-P3 interaction. 
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Segment4 
Analysis of Pns4, a non-structural protein encoded by S4, revealed two 
motifs, one characteristic of a zinc finger and the other containing a purine 
NTP-binding sequence (Uyeda et a/., 1990). Studies in other reoviruses 
suggest· that the zinc finger motif might play a role in translational regulation in 
infected cells (Shepard eta!., 1996). 
Segment 5 
Segment 5 (2571 bp) codes for the core protein, P5. This protein has been 
shown to covalently bind to GTP which suggests it might function as a rnRNA 
guanyltransferase (Suzuki, 1995; Suzuki eta/., 1996). 
Segments 6 and 7 
Segment 6 (1699 bp) and S7 (1696 bp) code for Pns6, a non-structural 
protein, and P7, a core protein, respectively (Suzuki eta/., 1990; Nakashima 
eta/., 1990). P7 is believed to be involved in RNA transcription (Nakashima et 
a/., 1990). Ueda eta/. (1997) showed that P7 possessed non-specific nucleic 
acid binding activity in vitro. Antibodies against P7 failed to reacted with the 
surface structure of open core particles suggesting that P7 was located inside 
viral particles. 
Segment 8 
Segment 8 (1424 bp) codes for two proteins, P8 (46 kDa) and P8', (42 kDa) 
with the P8 ORF overlapping that of P8' (Suzuki and Sugawara, 1991). 
According to their size, both P8 and P8' are thought to be capsid proteins. 
Capsid protein heterogeneity has also been reported in rotavirus (Chan et a/., 
1986) and reovirus (Wiener and Joklik, 1988; Jayasuriya et a/., 1988). The 
relationship between the two products of S8 is unknown. Both are capsid 
proteins and are reportedly responsible for the severity of symptoms shown 
by infected plants (Kimura eta/., 1987). The coding region of a Fujian isolate 
of RDV S8 has been transformed into rice in an attempt to obtain RDV 
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resistant rice plants (Zheng et a/., 1997). The transformed rice were shown to 
express S8 and are now being characterized. 
Segment 9 
The major ORF of S9 encodes a 351 amino acid non-structural protein, Pns9 
(Uyeda et a!., 1989). Segment 9 (1305 bp) contains an imperfect inverted 
repeat of 14 nucleotides adjacent to the conserved terminal nucleotide 
sequences (Fukumoto et a/., 1989). These inverted repeats are thought to 
control the replication and packaging of the dsRNA segments in the virion. In 
reovirus mRNA, the secondary structure associated with the inverted 
repeated forms a stem loop and the 5' terminal unpaired nucleotides influence 
translational efficiency by regulating the accessibility of the 5' cap to initiation 
factors and ribosomal subunits (Roner eta/., 1989). 
Segment 10 
Segment 10 (1319 bp) codes for Pn10, a non-structural protein (Omura eta/., 
1988). The function of Pns1 0 is unknown although it is believed to be involved 
in the transcription, translation and assembly of the viral genome in virus 
infected cells (Fukumoto eta/., 1989). 
Segment 11 
Segment 11 (1 067 bp) has an extensive 3' noncoding region of 495 
nucleotides corresponding to 46.4% of the segment. The size of this 
untranslated 3' terminal region is uncommon for viral mRNA (Suzuki et a/., 
1991) and its significance is, as yet, unknown. Segment 11 codes for 2 
overlapping non-structural proteins, Pns11 a (23 kDa) and Pns11 b (24 kDa) 
(Suzuki eta/., 1992) of which Pns11 a is the most abundant in plant and insect 
cells. Amino acid sequence analysis of Pns11a and Pns11b revealed 
homology with the histone H1 protein and VP6 of bluetongue vir_us (Uyeda et 
a/., 1994) suggesting that either or both proteins might bind nucleic acids. 
Both S11 transcripts have additional vector-derived sequence which directs 
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the synthesis of the protein products both in vitro and in vivo (Suzuki et a!., 
- 1994). 
Segment 12 
Segment 12 (1066 bp) codes for 3 overlapping non-structural proteins, Pns12 
(33 kDa), PnsOPa (8 kDa) and PnsOPb (7 kDa) (Suzuki eta/., 1992). All 3 
proteins have been expressed in vitro (Suzuki et a!., 1992). All three ORFs 
were shown by Western blot analysis to be expressed in both plant and insect 
hosts (Suzuki et a/., 1996). This provided the first example of a functional 
tricistronic mRNA in both plant and animal cells. 
Two isolates of RDV with differences in the electrophoretic mobility of S12 
were studied to determine the function of the encoded proteins (Murano eta/., 
1996). Results showed that the differences were due to genomic 
rearrangement. One isolate, RDV-P, contained a duplication of an 84 bp 
sequence which was 193 bp from the 5' end. This S12 coded for a protein 
with an additional 28 amino acids. Another isolate, RDV-S-6, contained a 
duplication of a 121 bp sequence which was 605 bp downstream of the 5' 
end. This variant resulted in a frameshift and an ORF 455 bp shorter than the 
wild type. Duplication of a 28 amino acid sequence had no affect on the 
function of the protein Pns12 and this isolate multiplied normally in both the 
plant and leafhopper hosts. In contrast, the isolate with the truncated protein 
was unable to infect either plant or insect host without another RDV with 
authentic S12. Neither mutation affected the sequence of the two other 
proteins associated with S12, PnsOPa and PnsOPb. These results indicated 
that the functional domain of Pns12 was located in the C-terminal region and 
that Pns 12 was essential for infectivity. There is no known explanation for 
these rearrangements, however, it is believed to provide one possible 
mechanism for generating variation during the evolution of the plant 
reoviruses (Murano eta/., 1996). 
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Lee eta/. (1997) found that eDNA probes of S12 could be used to distinguish 
isolates from different countries. The result corresponded with the phylogenie 
tree of S12 amino acid sequences of those isolates. 
1.6.1.3 · Rice gall dwarf virus 
Rice gall dwarf virus (RGDV) causes an important disease of rice (Oryza 
sativa) (Omura eta!., 1982). Infected plants form galls along leaf blades and 
sheaths, and develop dark green discoloration and twisted tips (Omura eta!., 
1982). The disease was first reported in Thailand in 1979 and the viral nature 
of the disease confirmed with the purification of virus particles from infected 
plants (Omura et a/., 1982). RGDV is transmitted by the leafhoppers, 
Nephotettix nigropictus, N. cinctceps, N. ma/ayanus, N. virescens and Recilia 
dorsalis. The virus replicates in its insect vector and is transovarially 
transmitted (Inoue and Omura, 1982). 
RGDV intact particles are double shelled icosahedra 70 nm in diameter with a 
35 nm diameter core (Omura eta!., 1982). The genome has 12 segments of 
double stranded RNA ranging in size from 1198 - 4400 bp. To date, the 
complete sequences of only four segments S3, S8, S9 and S1 0, have been 
reported (Koganezawa eta/., 1990; Noda eta/., 1991; Takahashi et at., 1994) 
(Table 1.7). The sequence of each of these four segments contain conserved 
5' and 3' termini, s'GGUAUUU .......... UGAU3·, a characteristic associated with 
other reoviruses. Each segment appears to encode a single protein with the 
ORF comprising approximately 80- 95% of the total sequences. 
Seven structural proteins of 183, 165, 150, 143, 120, 56 and 45 kDa have 
been detected from purified viral preparations (Omura eta/., 1985). Of these, 
the 120 and 45 kDa proteins have been associated with segments 3 and 8, 
respectively (Nod a et a!., 1991; Takahashi et a/., 1994). Based. on size, the 
remaining proteins with sizes of 183, 165 and 150 kDa may be encoded by 
ORF's of at least two segments including 1 and 2. Proteins of 183, 165, 120 
and 56 kDa have been identified as part of the core of the virion while the 
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150, 143 and 45 kDa proteins have been associated with the capsid (Omura 
et a/.,1985). 
Two non-structural proteins have been reported with molecular weights of 
35.5 and 36 kDa. These proteins are encoded by segments 9 and 10, 
respectively (Koganezawa eta/., 1990; Takahashi eta/., 1994). There have 
been no reports of in vitro or in vivo studies on RGDV non-structural proteins. 
Table 1.7. Organization of RGDV dsRNA segments and the putative function 
of the encoded proteins. 
S3 3224 35 126 1033 116 structural protein 
(core) 
S8 1578 20 279 426 47.4 structural protein 
(outer layer) 
S9 1202 25 208 323 35.5 non-structural protein 
(unknown) 
S10 1198 21 217 320 36 non-structural protein 
unknown 
Segment 3 
Segment 3 codes for a 114 kDa major core protein (Takahashi eta/., 1994) 
which is similar in size and amino acid sequence (41 %) to the major core 
protein of RDV (Kana eta/., 1990). Furthermore, the core and capsid of these 
viruses are interchangeable. It has been suggested that the three dimensional 
structure of the core and capsid proteins of RDV and RGDV are similar 
(Takahashi eta/., 1994 ). 
Segment 8 
The 47 kDa major outer capsid protein of RGDV, encoded by S8, has 56% 
and 52% homology at the amino acid level to the outer capsid proteins (PS) of 
WTV and RDV, respectively (Nod a eta/., 1991 ). Moreover, antibodies raised 
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against SDS-dissociated RDV particles recognise the 47 kDa protein of 
RGDV as well as all RDV proteins (Matsuoka et a/., 1985). This further 
supports the suggestion that the viruses are closely related. 
Segment 9 
Segment 9 codes for a 35.5 kDa non-structural protein. While there is only a 
31% amino acid sequence similarity between this protein and product of WTV 
S9, 25- 29 nucleotides at the 5' and 3' termini appeared to be nearly identical 
to WTV S9. Although WTV and RGDV differ with respect to insect vector and 
host ranges, they cause a similar cytopathology and are phloem limited. 
Koganezawa eta/. (1990) postulated that the highly homologous region in S9 
of WTV and RGDV might function as the recognition signal for the 
multiplication of both viruses. 
Segment 10 
Segment 10 codes for a 36 kDa non-structural protein whose function is 
unknown (Takahashi eta/., 1994). This protein has 32% and 35% homology, 
at the amino acid level, with protein products of RDV S9 and WTV S 11, 
respectively, both of which are non-structural proteins. 
1.6.2 Genus Oryzavirus 
1.6.2.1 Rice ragged stunt virus 
Rice ragged stunt virus (RRSV) causes ragged stunt disease in rice (Oryza 
sativa L.) and was first observed in Indonesia and the Philippines in 1976 
(Hibino and Kimura, 1982). The disease spread quickly and epidemics were 
soon reported in several countries in south east Asia (Hibino and Kimura, 
1982). Yield loss from RRSV is around 10 - 20% but can be as high as 100% 
in severely infected areas. The disease is persistently transmitted by the 
planthopper, NilapatVata /ugens, which is known to migrate long distances 
across the ocean with the assistance of seasonal winds (Kishimoto, 1971 ). It 
is believed that migration of the planthopper has resulted in the rapid spread 
of the disease. 
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Complete virions of RRSV are icosahedral particles 65 - 70 nm in diameter. 
Although most reports have indicated that intact virions of RRSV have no 
outershell (Milne, 1980; Omura eta/., 1983), Chen eta/. (1989) reported that 
RRSV particles in the fat body of the insect host were surrounded by thin 
outershell. The core contains B-spikes and an RNA dependent RNA 
polymerase similar to Fijiviruses (Lee eta/., 1987). 
The genome of RRSV comprises 10 segments of dsRNA ranging from 1132-
3849 bp. Sequences of segments 5, 8, and 9 have been reported (Table 1.8) 
with each segment containing conserved 5' and 3' terminal sequences, 
5
'GAUAAA ........... GUGC3. and a single ORF (Li et a/., 1996; Uyeda et a/., 
1995; Upadhyaya eta/., 1996). 
Chymotrypsin treatment of virions resulted in an increase in polymerase 
activity similar to that reported for animal reoviridae (McCrae, 1987). The 
polymerase activity was also stimulated 5 - 6 fold with the addition of S-
adenosyi-L-methionine (SAM) (Lee et a/., 1987). This phenomenon has also 
been reported for cytoplasmic polyhedrosis reovirus (CPV) with SAM affecting 
the initiation of mRNA synthesis by binding to methyltransferase or some 
other SAM recognizing protein in the CPV transcriptional complex 
(Wertheimer eta/., 1980). Further studies suggested that there were at least 
two functionally distinct sites on the CPV transcriptional complex, one for 
transcriptional control and the second for methylation (Mertens and Payne, 
1983). Further work is needed to ascertain whether similar sites are also 
found in the RRSV RNA dependent RNA polymerase. 
RRSV multiplies in both plant and insect vector (Chen eta!., 1989). The virus 
is phloem limited in rice but is found in various organs of its insect host 
including the salivary gland, muscle and fat bodies (Chen eta/., 1989). 
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Table 1.8. Organization of RRSV dsRNA segments and the putative function 
of the encoded proteins. 
S5 2682 51 207 808 91 structural protein 
(core) 
S7 1938 19 95 608 68 non-structural protein 
S8 1914 22 104 596 67.3 structural protein 
(46, (capsid protein) 
·43,26) 
S9 1132 13 105 338 38.5 structural protein 
(spike) 
S10 1162 141 130 297 32.4 non-structural protein 
Segment 5 
S5 codes for a 91 kDa coat protein (Li eta/., 1996). This protein has been 
detected in RRSV-infected rice and planthoppers, thus confirming that S5 is 
expressed in both the insect and plant host (Li eta/., 1996). 
Segment 7 
RRSV S7 (1938 bp) codes for a 68 kDa protein which has 50% amino acid 
sequence similarity with RDV S6. Western blot analysis using antibodies 
produced against the protein encoded by S7 confirmed that S7 encoded a 
non-structural protein (Upadhyaya eta/., 1997). This result was confirmed by 
in vitro translation and immunoprecipitation studies (U padhyaya eta/., 1997). 
Segment 8 
RRSV S8 (1914 bp) codes for a 67 kDa protein which has homology with 
RDV S8, RGDV S8, RBSDV S7, WfV S8 and BTV at both the nucleotide (38 
- 39.5%) and amino acid levels (19 - 26%) (Upadhyaya et a/., 1996). Using 
antibodies against the S8 fusion protein, four proteins with sizes of 67, 46, 43, 
and 26 kDa were detected from purified virions (Upadhyaya et a/., 1996). 
Although a 47 kDa protein has been reported by Hagiwara et a/. (1986), N-
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terminal sequencing of the 43 kDa protein revealed that it was the internal 
part of a larger 67 kDa protein. Further studies revealed that this 67 kDa 
protein was post-translationally self-cleaved into 26 and 46 kDa proteins. The 
46 kDa protein then underwent a conformational change resulting in the 43 
kDa protein. The function of the 26 kDa protein is unknown but it may be a 
protease (Upadhyaya eta/., 1996). No such mechanism has been previously 
reported for other reoviridae, although an autocatalytic protease has been 
reported in the dsRNA hypovirulence associated virus of chestnut blight 
fungus (Shapira and Nuss, 1991 ). 
Segment 9 
S9 (1132 bp) codes for a 38.6 kDa protein (Uyeda et a/., 1995) which is 
believed to be a spike protein (Upadhyaya et a/., 1995). Matsumara and 
Tabayashi (1995) reported the transformation of rice protoplasts with the 38.6 
kDa RRSV S9 protein driven by a 35S promoter. Analysis of the 
transformants revealed that RRSV S9 mRNA was produced but there was no 
detectable protein. When challenged with RRSV, regenerated plants showed 
no protection against RRSV but instead produced more severe symptoms 
than those of the untransformed rice plants when challenged with RRSV. 
Segment 10 
S10 (1162 bp) codes for a 32.4 kDa protein (Upadhyaya eta/., 1997). Amino 
acid sequence comparison showed that RRSV 87 had 49% similarity with 
RDV S9. Western blot analysis using antibodies against the proteins encoded 
by S10 showed that S10 coded for non-structural protein (Upadhyaya eta/., 
1997). 
1.6.2.2 Echinochloa ragged stunt virus 
Echinochloa ragged stunt virus was first observed in Echinochlo?l crugalli var. 
oryzicola grass in Taiwan in 1980 (Chen eta/., 1986). The virus is persistently 
transmitted by the planthopper, Sogatel/a /ongifurcifera. The weed species, 
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Triticum sativum and Setaria italica, are natural hosts of the virus (Chen eta!., 
1989). 
Complete virions of ERSV are double shelled icosahedra 75 - 80 nm in 
diameter. The virion morphology is similar to Fijivirus particles with A-spikes 
on the outer shell and B-spikes attached to the core. The genome of ERSV 
has 10 segments of dsRNA ranging from 0.8- 2.5 X 106 . 
Although ERSV has a different morphology from RRSV, they are serologically 
related (Chen, 1985) and both multiply in their respective plant and insect 
hosts (Chen et a/., 1989). ERSV symptoms in Echinochloa crugal/i var. 
oryzicola grass are also similar to those seen in RRSV infected rice (Yan et 
a/., 1994). 
There are seven structural proteins associated with ERSV with sizes of 127, 
123, 103, 63, 50, 49, and 34 kDa reported (Chen eta/., 1989). The complete 
genome sequences of ERSV have not been reported, although the 5' and 3' 
terminal sequences of ERSV have been obtained and are identical to those of 
RRSV (Yan eta/., 1994). 
1.6.3 Ni/aparvata lugens reovirus 
Nilaparvata /ugens reovirus (NLRV) is a nonpathogenic reovirus of the brown 
planthopper, Ni/aparvata /ugens. This planthopper is the most serious pest of 
rice in east and southeast Asia (Noda eta!., 1991) and transmits two viruses, 
RRSV and rice grassy stunt tenuivirus. Both viruses multiply in the 
planthopper and are transovarially transmitted (Hibino, 1989). 
NLRV multiplies only in its hopper host and not in the rice plant. The virus is 
found in the cytoplasm of cells in various organs including the salivary gland 
and gut. Transmission is horizontal, through infected rice plants, and vertical, 
through the eggs (Nakashima et a/., 1995). The planthopper, Laodelphax 
43 
striate/Ius, can also acquire NLRV but the transmission rate is lower than that 
of N. lugens. 
NLRV intact virions are double shelled icosahedra approximately 65 nm in 
diameter (Nod a eta/., 1991) which is similar to that of Fijiviruses. The genome 
has 10 segments of dsRNA ranging in size from 1430-4391 bp. All segments 
have been sequenced and the function of some of the encoded proteins 
determined by in vivo studies and the presence of protein motifs (Nakashima 
eta/., 1994; Noda eta/., 1994; Nakashima eta/., 1996) (Table 1.9). 
Analysis of each segment revealed 5' and 3' conserved terminal sequences 
5
'AGU ................. GUUGUC3'. With the exception of S9, each segment contains 
one ORF (Table 6.4) which accounts for approximately 93 - 95% of the total 
genome sequence. The terminal sequences of NLRV and those members of 
the Fijivirus group are highly conserved suggesting that the two viruses may 
be closely related (Noda eta!., 1994). Furthermore, the amino acid sequence 
of the proteins of NLRV and Fijivirus group are also highly conserved. 
Seven proteins have been associated with purified virions. Four of these, with 
molecular weights of 160, 140, 110 and 75 kOa, are associated with the core 
while the remaining, 135, 120, and 65 kOa proteins, are associated with the 
outer shell (Nod a eta/., 1991 ). 
Segment 1 
Segment 1 codes for a 165 kOa protein which has been reported to be 
associated with the core of the virus particle (Noda et a/.,1991). The amino 
acid sequence from residue 792 to 1 028 has an 18.7% similarity to the 227 
amino acid protein encoded by S1 of bluetongue virus serotype 10 (Roy eta/., 
1990). Analysis of the sequence of both proteins revealed conserved motifs 
including a GOO motif that is present in all RNA dependent RNA 
polymerases. 
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Table 1.9. Organization of NLRV dsRNA segments and the putative function 
of the encoded proteins. 
S1 4391 20 42 1442 165.9 RNA polymerase 
(core) 
S2 3732 21 111 1199 136.6 8-spike 
(outer shell) 
S3 3753 14 67 1223 138.5 core capsid 
(core) 
S4 3560 75 86 1132 130 unknown 
S5 3427 201 307 972 106 unknown 
S6 2970 149 328 830 95 unknown 
S7 1994 40 64 629 73.5 NTP-binding protein 
(core) 
S8 1802 6 107 562 62.4 major outercapsid 
(outer shell) 
S9 1640 52/56** 38** 290/206 23.6/33 non-structural protein 
(unknown) 
S10 1430 45 89 431 49.4 non-structural protein 
nknown 
** two non-overlapping ORFs were observed in 89 
Segment 2 
Based on size, 82 codes for a 136 kDa protein which is located on the outer 
shell of the virus (Nod a eta/., 1991 ). In high concentrations of MgCI2 , NLRV 
particles were found to lose their B-spikes and subsequent protein analysis 
showed that these particles were missing the 136 kDa protein. It was 
concluded that the 136 kDa protein was the B spike. 
Segment 3 
Segment 3 (3753 bp) codes for a capsid protein based on in vitro studies. A 
truncation of the ORF from 83 was cloned, the protein of 40 kDa expressed in 
vitro and an antiserum raised. The antiserum reacted specifically with the 140 
kDa viral core protein confirming the association of this protein with 83 
(Nakashima eta/., 1996). 
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Segments 4, 5, and 6 
There have been no reports as to putative functions of the proteins encoded 
by segments 4, 5 and 6. The electrophoretic mobility of S5 from different 
isolates was highly variable, more so than for any other segment. 
Consequently it was postulated that the sequence of S5 segment is highly 
variable, although the reason for this is unknown (Nakashima eta!., 1996). 
Segment 7 
Segment 7 (1994 bp) codes for a protein of 73.5 kDa which is believed to be 
a core protein based on its size. Amino acid analysis of the carboxyl terminus 
revealed a 16.2% similarity with the protein encoded by S8 of RBSDV 
(Azuhata eta/., 1993). This region contains a purine NTP-binding motif (A/G 
XXXXGK SIT) which is found in both virus sequences. 
Segment 8 
Segment 8 (1802 bp) codes for a 65 kDa major outer capsid protein. Amino 
acid sequence analysis revealed an 18.6% homology with the protein 
encoded by S10 of RBDSV (Nakashima eta/., 1994). 
Segments 9 and 10 
Segment 9 (1640 bp) contains 2 non-overlapping ORFs. The first ORF starts 
at nucleotide 53 and terminates at nucleotide 925, while the start and stop 
codons of the second ORF are at nucleotides 982 and 1602, respectively. 
Interestingly, the pi of the protein encoded by the ORF is slightly basic (7.45) 
while that of the second ORF is acidic (5.87). Sequence analysis of S9, both 
at the nucleotide and amino acid level, revealed no similarity with any other 
published proteins. However, based on size, both proteins are believed to be 
non-structural. Although there have been no protein studies on S1 0, it is 
believed to be a non-structural protein based on size. 
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1.6.4 Genus Fijivirus 
1.6.4.1 Maize rough dwarf virus 
Maize rough dwarf virus (MRDV) is the causal agent of maize rough dwarf 
disease which was first reported in northern Italy in 1 949 (Milne and Lovisolo, 
1977). An epidemic of the disease occurred in Italy following the introduction 
of a susceptible but high yielding strain of maize from North America. Maize 
rough dwarf disease has since been reported rn Israel, France, 
Czechoslovakia, Switzerland, Yugoslavia and Spain (Milne and Lovisolo, 
1977). Infected plants develop galls on the veins and have darker than normal 
leaves with stunting in some cases. Natural plant hosts of this virus are maize 
(Zea mays), Oigitaria sanguiralis, Echinoch/oa crus-galli, and Cynodon 
dacty/on. Experimentally, this virus can also infect rice, wheat, barley and 
oats (Milne and Lovisolo, 1977). 
The virus can be transmitted either mechanically or by insect vectors. Natural 
vectors of MRDV are the planthoppers, Laodelphax striate/Ius, Javesella 
pellucida and Sogatella vibix. Oelphacodes propingua can also transmit the 
virus after abdominal injection of a virus preparation. Either sex and any instar 
of planthoppers can acquire the virus by feeding on infected plants for periods 
of approximately 24 h. MRDV can also be efficiently transmitted by injecting 
virus particles from a purified preparation into the stems of young maize 
seedlings or pricking them with pins dipped in inoculum (Milne and Lovisolo, 
1977). Louie (1997) reported the inefficient mechanical transmission of MRDV 
by vascular puncture of maize kernels. 
Intact virions of MRDV are double shelled icosahedra approximately 70 nm in 
diameter (Milne eta/., 1973). Like other Fijiviruses, the outer shell has A-spike 
proteins and the inner core has B-spike proteins (Shikata, 1 989). The genome 
of MRDV comprises 1 0 segments of dsRNA ranging in size frorn_ 1802 - 4400 
bp. The complete sequences of genome segments 6, 7, 8, and 10 have been 
reported (Table 1.1 0) (Marzachi eta/., 1991, 1995, 1996). Sequence analysis 
has revealed that MRDV contains conserved 5' and 3' terminal sequences, 
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5
'AAGUUUUUU ............... UGUC3' (Marzachi et a!., 1991). Segment specific 
inverted repeats were also found on all segments (Marzarchi eta/., 1991 ). 
Table 1.1 0. Organization of MRDV dsRNA segments and the putative 
function· of the encoded proteins. 
S6 2193 41 1063 362 41 non-structural protein 
1182 81 309 36.3 
S7 1936 24 136 592 67 7.08 NTP-binding protein 
(core) 
sa 1900 41 812 347 38 5.73 non-structural protein 
1151 118 210 23 4.43 
S10 1802 22 103 559 64 6.79 structural protein 
r shell) 
Six proteins have been associated with viral particles (Boccardo and Milne, 
1975). Of these, the 139 and 126 kDa proteins are associated with the core 
while the 111, 97, and 64 kDa proteins are located on the outer shell. The 
123 kDa protein is believed to code for the 8-spike. 
Segment 6 
S6 contains two non-overlapping ORFs and the sequences of both ORFs 
were similar to another member of Fijivirus serotype 2, rice black streaked 
dwarf virus S7 (Azuhata et a/., 1993). MRDV ORF1 has a 91% nucleotide 
sequence similarity with ORF1 of RBSDV while ORF2 has a lower homology 
at 85%. Based on amino acid charges, ORF2 can be divided into 2 domains 
corresponding to the N-terminus and C-terminus (Marzachi eta/., 1991 ). The 
N-terminus is a highly acidic domain with 30 highly negatively charged and 3 
positively charged amino acids. The C terminus has 13 positively charged 
and 3 negatively charged amino acids. However, in vitro translation showed 
that only ORF1 is efficiently translated from the equivalent of a full length S6 
transcript (Marzachi eta/., 1991 ). The function of these proteins is unknown. 
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Segment 7 
The 67 kDa protein encoded by S7 was not detectable as a structural protein 
of MRDV (Boccardo and Milne, 1975). At the amino acid level, the MRDV S7 
product is similar to that of RBSDV S8 (92%) and NLRV S7 (30%) (Azuhata 
eta!., 1993). It has been postulated that NLRV S7 and RBSDV S8 encode 
NTP-binding proteins based on the presence of an NTP-binding motif 
(Nakashima eta/., 1996). Such a motif is also found in MRDV S7. 
Segment 8 
The nucleotide sequences of S8 and S9 of MRDV and RBSDV, respectively, 
are 85% homologous (Marzarchi eta!., 1995). Both contain 2 ORFs and the 
start and stop codons of the ORFs of both viruses are located at the same 
position. The predicted products show identities of 87% for ORF1 and 93% 
for ORF2. The function of these proteins is unknown. Both ORFs were shown 
to be in vitro translated (Marzachi eta!., 1996). 
Segment 10 
Sequence analysis of the ORF of S1 0 revealed homology with the ORF of 
RBSDV S1 0 of 90% and 87% at the nucleotide and amino acid level, 
respectively. Further, the homology between the proteins encoded by RBSDV 
S1 0 (64 kDa) and NLRV S8 (62 kDa) was 18.6%. The proteins of RBSDV and 
NLRV are part of the outer capsid and it is believed that the MRDV S1 0 
protein could also function in this manner (Nakashima and Noda, 1994). 
1.6.4.2 Rice black streaked dwarf virus 
Rice black streaked dwarf virus (RBSDV) was first reported in Japan in 1952 
and was later reported in mainland China in 1974 (Milne and Lovisolo, 1977). 
Infected plants become stunted and develop white waxy enations which later 
darken to give the black-streaked appearance which is typical of the disease. 
RBSDV also naturally infects maize, wheat, oats and barley while a wide 
range of Gramineae have been reported to be experimentally infected (Milne 
and Lovisolo, 1977). Natural vectors of RBSDV are the planthoppers, 
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Laode/phax striatel/us, Unkanodes afbifacia, and U. sapporona. Multiplication 
of virus in the vector commences in the gut followed by the hemolymph, 
salivary glands and finally in fat tissue. Insects are viruliferous when the virus 
can be detected in the salivary glands and infectivity is retained for life (Milne 
and Lovisolo, 1977). 
Complete virions of RBSDV are double shelled icosahedra approximately 70 
nm in diameter (Shikata, 1989). A-spikes are associated with the outer shell 
while 8-spikes are located on the inner shell (Shikata, 1981 ). 
The genome of RBSDV is comprised of 10 segments of dsRNA ranging in 
size from 1801 - 4400 bp. To date, complete sequences of only S7, 8, 9 and 
10 have been reported (Table 1.11 ). 
Table 1.11. Organization of RBSDV dsRNA segments and the putative 
function of the encoded proteins. 
S7 2193 41 1063 362 41 non-structural protein 
1182 81 309 36.3 (unknown ) 
S8 1927 24 127 592 68.1 NTP-binding protein 
(core) 
S9 1900 41 812 347 38 non-structural protein 
1151 118 210 23 (unknown ) 
S10 1801 21 103 559 63.2 structural protein 
ter shell 
The genome organization and function of RBSDV and MRDV is nearly 
identical with the 5' and 3' terminal sequences being identical in both viruses 
(Azuhata eta/., 1992). Segment specific inverted repeats of both viruses are 
also highly conserved (Azuhata et a/., 1993). However, thi~ one-to-one 
segment similarity between RBDSV and MRDV is not seen with segments 10 
of both viruses and the reasons for this are unknown. Some groups believe 
that RBSDV and MRDV are geographical isolates of the one virus (Marzachi 
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et a/., 1995). However, when end-labeled RBSDV genomic segments were 
hybridized with the corresponding segment of MRDV, eDNA clones to RBSDV 
S1, S5, and S6 did not hybridize with their MRDV counterparts (Marzachi et 
a/., 1995). 
1.6.4.3 Fiji disease virus 
There have been no studies of the genome organization and gene function of 
FDV with research primarily focusing on the diagnosis and control of the 
disease associated with the virus (Skotnicki eta/., 1986; Smith eta/., 1992). 
Van der Lubbe et a!. (1979) reported 3 core proteins associated with purified 
FDV with MW 145- 150, 125- 129, and 36- 39 kDa. Later, Jones (1994) 
reported nine proteins associated with partially purified FDV with MW of 158, 
119, 102, 56, 38, 32, 31.5, 26, and 23 kDa. The 158, 119, and 38 kDa 
proteins are believed to be those reported by Vander Lubbe eta/. (1979). 
1.7 AIM OF THIS STUDY 
At the commencement of this study, there were no available sequences of 
FDV and limited sequences from other fijiviruses. An essential pre-requisite to 
the development of pathogen-derived resistance strategies to control FDV is 
the sequencing of the FDV genome. 
The aim of this study was to analyze the genome organization of Fiji disease 
virus segments 5, 7, 8 and 10. These segments were arbitrarily chosen 
because they comprised approximately half of the FDV genome. Genome 
characterization was to be achieved by cloning and sequencing the genome 
segments of FDV and analyzing these sequences for open reading frames, 
untranslated regions and motifs. This information should provide a basis for 
further work in the control of FDV in sugarcane, its genome -organization, 
gene function, replication and infectivity. 
51 
CHAPTER 2 
MATERIALS AND METHODS 
2.1 INTRODUCTION 
This chapter describes the materials and methods used in this work except 
those which were specifically related to work reported in individual chapters. 
All reagents used in this work were of analytical grade (AR). 
2.2 GENERAL SOLUTIONS 
The following solutions were used in this work. 
(i) 20 X SSC: 3 M NaCI, 0.3 M sodium citrate, pH 7.0. 
(ii) 20 X SSPE: 3M NaCI, 180 mM NaH2P04 , 20 mM EDTA, pH 7.0. 
(iii) Acid depurination solution: 0.25 mM HCI. 
(iv) Acrylamide stock for denaturing PAGE: 38% acrylamide and 2% N' N' -
bis methylene-acrylamide. 
(v) Acrylamide stock: 29% acrylamide and 1% N' N'- bis-methylene-
acrylamide. 
(vi) Agarose gel loading buffer (6X): 0.25% bromophenol blue, 0.25% 
xylene cyanol and 30% glycerol. 
(vii) Ammonium acetate (for DNA precipitation): 4 M ammonium acetate. 
(viii) Ampicillin 100 mg/ml filter sterilized. 
(ix) Blocking solution: 1X TBS-T and 5% SMP. 
(x) Column buffer: 1 OmM sodium phosphate, pH 7.2, 30 mM NaCI, 10 
mM 2-mercaptoethanol and 1 mM EGTA, pH 7.0. 
(xi) Coomassie blue: 0.25% Coomassie blue (w/v), 45% methanol, 
45% dH20 and 10% acetic acid. 
(xii) Extraction buffer: 0.5 M ammonium acetate, 0.01 M magnesium 
acetate, 0.1% SDS and 0.1 M EDT A. 
(xiii) GE buffer: 0.1 M glycine, 0.05 M EDTA, pH 8.5. 
(xiv) Gel denaturing solution: 0.5 M NaOH and 1.5 M NaCI. 
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(xv) Gel neutralizing solution: 1 M Tris, 1.5 M NaCI, pH 8.0. 
(xvi) GTE buffer: 50 mM glucose, 25 mM Tris, 10 mM EDTA pH 8.0. 
(xvii) Herring sperm DNA (1 0 mg/ml) was prepared by resuspending 1 g of 
herring sperm DNA in 100 ml dH20, boiled for 10 min, sheared 
through an 18 gauge needle and stored at -20°C. 
(xviii) High stringency wash: 0.1 X SSPE and 1% SDS. 
(xix) Hybridization solution: 10% dextran sulfate, 1.0 M NaCI, 1% SDS, 100 
J.lg/ml denatured herring sperm DNA. 
(xx) LB: 1% bacto-tryptone, 0.5% bacto-yeast extract and 1% NaCI. 
(xxi) Low stringency wash: 2 X SSPE and 1% SDS. 
(xxii) PCR buffer (1 OX): 500 mM KCI, 15 mM MgCI2 , 100 mM Tris, pH 8.3. 
(xxiii) Phenol: 500 g crystallized phenol, 0. 7 g hydroxyquinoline in 200 ml 
dH20 and equilibrated with 0.01 M Tris, pH 7.6. 
(xxiv) Prehybridization solution: 1.0 M NaCI and 1% SDS. 
(xxv) Protein dissociation buffer (1 OX): 300 mM Tris., pH 6.8, 10% SDS, 
25% 2-mercaptoethanol, 0.05% bromophenol blue and 10% glycerol. 
(xxvi) Protein gel loading buffer (PGLB): 300 mM Tris, pH 6.8, 600 mM DIT, 
12% SDS, 0.6% BPB and 60% glycerol. 
(xxvii) RNase (DNase free) was prepared by dissolving 100 mg of RNase A 
in 10 ml dH20, boiled for 20 min and stored at -20°C. 
(xxviii) SOB: 2% bacto-tryptone, 0.5% bacto-yeast extract, 0.05% NaCI and 2.5 
mM KCI, pH 7.0. 
(xxix) SOC: SOB, 1 0 mM MgCI2 and 20 mM glucose. 
(xxx) Sodium acetate (for DNA precipitation): 3M sodium acetate, pH 5.4. 
(xxxi) SSC (20X): 3 M NaCI and 0.3 M tri-sodium citrate. 
(xxxii) STE buffer: 10 mM Tris, pH 8.0, 100 mM NaCI, 1 mM EDT A, pH 8.0. 
(xxxiii) Stop solution: 80% formam ide, 10 mM EDTA (pH 8.0), 1 mg/ml xylene 
cyanol FF and 1 mg/ml bromophenol blue. 
(xxxiv) TAE electrophoresis buffer (50X): 40 mM Tris, 5. 71% glacia~ acetic acid 
(v/v) and 2 mM EDTA, pH 8.0. 
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(xxxv) TBE buffer (10X): 178 mM Tris, 178 mM boric acid, 4 mM EDTA, pH 
8.0. 
(xxxvi) TBS: 137 mM NaCI, 2.5 mM KCI and 25 mM Tris, pH 7.4. 
(xxxvii)TBS-T: PBS and 0.05% Tween-20. 
(xxxviii)TE buffer: 50 mM Tris and 20 mM Na2EDTA, pH 8.0. 
(xxxix) Transfer buffer for semi-dry blot: 48 mM Tris, 39 mM glycine, 0.0375% 
SDS and 20% methanol. 
(xxxx) Tris-glycine electrophoresis buffer (5X): 125 mM Tris, 1.25 M glycine, 
10% SDS, pH 8.3. 
(xxxxi) X-gal: 2% in dimethylformamide. 
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2.3 GENERAL METHODS 
2.3.1 Centrifugation 
All centrifugations were at 10000 g and 4°C in a fixed angle rotor unless 
otherwise stated. 
2.3.2 Purification of Fiji Disease Virus (FDV) 
2.3.2.1 Partial purification of FDV 
Twenty-five grams of gall tissue were ground with a chilled mortar and pestle 
using 45 ml of GE buffer and a small amount of acid washed sand. The 
mixture was strained through Mira cloth (Whatman) and centrifuged at 1 0000 
g for 10 min. The supernatant was transferred to a fresh tube, Nonindet-40 
was added to a final concentration of 1% and the mixture stirred for 1 h at 
4°C. An 8 ml aliquot of the supernatant was overlayered onto 2 ml of chilled 
10% glucose (or 10% sucrose) in GE buffer containing 1% Nonidet-40 and 
the mixture centrifuged at 36000 g for 30 min. The pellet was resuspended 
overnight in 1 ml STE buffer at 4°C and the solution centrifuged at 10000 g 
for 5 min to pellet any particulate matter. The supernatant was transferred to 
a fresh tube and the virus preparation stored at -70°C or 4°C until further use. 
2.3.2.2 Electron microscopy 
A 10 ~-tl aliquot of partially purified viral preparation was placed onto a 
Formvar coated copper grid and incubated for 2 min at RT. Excess solution 
was removed with filter paper and stained with 10 ~-tl of uranyl acetate for 30 s 
at RT. The grid was blotted dry and examined for the presence of viral 
particles in a Joel 1200EX transmission electron microscope. 
2.3.3 Extraction and purification of FDV dsRNA 
2.3.3.1 Extraction of FDV dsRNA 
DsRNA was extracted from 1 00 g of infected sugarcane leaves essentially as 
described by Dale et a!. (1986). Galls were excised from FDV-infected 
sugarcane leaves, frozen by immersion in liquid nitrogen and homogenized to 
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a fine powder in a coffee blender. The powder was thawed in 2 val of STE 
buffer (w/v), 1 val of phenol, 1 val of chloroform, 0.25% SDS and 0.025 val of 
2-ME. The suspension was stirred at 4°C for 45 min and the phases 
separated by centrifugation for 20 min. The supernatant was transferred to a 
clean beaker to which ethanol was gradually added to a final concentration of 
15%. CF-11 cellulose (Whatman) was added at a ratio of 0.5 g per gram of 
tissue and the mixture stirred for 30 min at RT. The cellulose slurry was then 
packed into a glass column (BioRad) and washed with 20 val of 15% ethanol 
in STE, The dsRNA was then eluted with an equal val of STE buffer. To the 
eluent was added 2.5 val of 100% ethanol and the solution stored overnight 
at -20°C. The dsRNA was precipitated by centrifugation at 10000 g for 30 min 
at 4°C. The pellet was washed with 500 !-LI 70% ethanol at RT for 10 min and 
precipitated by centrifugation. The pellet was dried, resuspended in 100 !-LI 
dH 20 and stored at -20° C. 
2.3.3.2 Further purification of FDV dsRNA 
DsRNA extracts were made up to 100 !-LI with STE and adjusted to 1 M NaCI 
by adding 25 I-Ll of 5 M NaCI. The mixture was vortexed and centrifuged at 
10000 g for 15 min at 4°C. The supernatant was transferred to a fresh tube 
and the dsRNA precipitated by centrifugation after the addition of 0.1 val of 
sodium acetate and 2.5 val of ethanol. The pellet was washed with 70% 
ethanol at RT for 1 0 min and precipitated by centrifugation. The pellet was 
dried and resuspended in 17 I-Ll dH20, 1 I-Ll DNase buffer (1 OX, Boehringer 
Manheim) and 1 !-LI DNase (1 0 U/j.ll, Boehringer Manheim) and incubated at 
23°C overnight. The solution was extracted with phenol/chloroform and the 
supernatant transferred to a fresh tube. An equal val of ice cold 4 M LiCI was 
added to the supernatant and the reaction incubated on ice for 7 h The 
reaction mix was then centrifuged at 10000 g for 15 min at 4°C. The 
supernatant was transferred to a fresh tube and the val adjusted to 200 !-LI 
with dH20 to which 2 val of ethanol was added and stored at -70°C for 15 
min. The dsRNA was pelleted by centrifugation at 10000 g for 20 min at 4°C. 
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The pellet was washed with 500 f.! I 70% ethanol at RT for 10 min and 
centrifuged for 10 min. The pellet was dried and resuspended in 100 f.!l STE 
buffer and further purified using a sepharose CL-68 column (Pharmacia) 
essentially as recommended by the manufacturer. The dsRNA solution was 
loaded onto the column and centrifuged at 3000 g for 2 min at RT and the 
eluate collected. An additional 100 fll STE was loaded onto the column and 
again centrifuged at 3000 g for 2 min at RT. The eluates were pooled and the 
dsRNA precipitated by centrifugation using 2.5 vol of ethanol and 0.1 vol of 3 
M sodium acetate. The pellet was washed with 70% ethanol at RT for 10 min 
and precipitated by centrifugation. The pellet was dried, resuspended in 20 fll 
dH20 and stored at -20° C. 
2.3.3.3 Isolation and purification of individual FDV dsRNA segments 
Purified FDV dsRNA was electrophoresed in a 7.5% resolving/5% stacking 
polyacrylamide gel at 150 volts for 2.5 h at 4°C (BioRad). DsRNA bands were 
excised from the gel and the acrylamide pieces crushed using a pestle in 250 
) ..d of extraction buffer. The mixture was incubated overnight at 50°C. A small 
needle hole was made in the base of a 250 fll Eppendorf tube and the tube 
packed with 250 ~tl of CF-11 cellulose. The mixture was loaded into the CF-11 
containing tube and centrifuged for 20 min at 10000 g. The CF-11 was 
washed twice each with 100 fll STE. The eluates, collected from the base of 
the CF-11 containing tube, were mixed with 2.5 vol of ethanol and 0.1 vol of 
sodium acetate and the dsRNA precipitated by centrifugation. The pellet was 
washed with 70% ethanol at RT for 1 0 min and precipitated by centrifugation. 
The pellet was dried, resuspended in 20 fll dH20 and stored at -20° C. 
2.3.4 Plasmid preparation 
2.3.4.1 Rapid, small scale isolation of plasmid DNA 
Plasmid DNA was extracted by a modification of the method of .. Sambrook et 
a/. (1989). Three ml of LB containing 50 flg/ml ampicillin was inoculated with 
the appropriate Escherichia coli isolate and incubated overnight at 3rC with 
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vigorous shaking. A 1.5 ml aliquot was centrifuged for 1 min at 10000 g and the 
supernatant discarded. The pellet was resuspended in 100 ml GTE buffer and 
incubated at RT for 5 min. To this was added 200 ml of freshly prepared 0.2 M 
NaOH, 0.1% SDS, and the contents mixed by inverting. The solution was then 
neutralized by the addition of 150 ).11 of ice-cold 5 M potassium acetate, pH 4.8, 
vortexed and incubated on ice for 5 min. The contents were centrifuged for 5 
min and the supernatant extracted with an equal vol of chloroform. The phases 
were separated by centrifugation and the supernatant transferred to a fresh 
tube. The DNA was precipitated with two vol of ice-cold ethanol and centrifuged 
for 5 min. The DNA pellet was washed with 500 ).11 70% ethanol, centrifuged for 
5 min and dried under vacuum. The pellet was resuspended in 32 ).11 dH20 
containing 10 ).lg /ml of RNase A and incubated at 3rC for 30 min. 
2.3.4.2 Plasmid preparation for automated sequencing 
Plasmid DNA prepared previously (2.3.4.1) was mixed with 8 ).11 of 4 M NaCI 
and 40 ).11 13% PEG. The mixture was vortexed and incubated on ice for 20 
min. DNA was pelleted by centrifugation for 15 min and was washed with 500 
).11 70% ethanol at RT for 10 min. The pellet was precipitated by centrifugation, 
dried, resuspended in 20 ).11 dH20 and stored at -20° C. 
2.3.5 Quantitation of DNA 
DNA concentrations were determined using a UV spectrophotometer 
(Beckman Du-68) at 260 nm or by comparison with DNA of known 
concentration in ethidium stained agarose gels visualized on a long 
wavelength (302 nm) UV. 
2.3.6 Oligonucleotide synthesis and purification 
All oligonucleotides were synthesized using phosphoramidite chemistry on an 
Applied Biosystems (ABI) PCR Mate synthesizer (Bresatec) and processed, 
in most cases, using oligonucleotide purification columns (OPC) as 
recommended by the manufacturer. 
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2.3.7 Sequencing of DNA 
DNA (50 - 500 ng) was sequenced using an ABI dye termination cycle 
sequencing kit, 3.2 pmol of primer and an ABI 373A automated sequencer as 
described by the manufacturer. 
2.3.8 Electrophoresis of nucleic acids 
2.3.8.1 Agarose gels 
DNA was electrophoresed in 1-1.5% agarose gels containing TAE. Gels were 
stained with ethidium bromide (0.5 mg/ml) and DNA visualized on a long 
wavelength (302 nm) UV transilluminator and the image printed using a UV 
transilluminator (UVP). 
2.3.8.2 Polyacrylamide gels 
In most instances, dsRNA was electrophoresed in 7.5% polyacrylamide gels 
containing a 29:1 ratio of acrylamide:N,N'-methylenebisacrylamide using Tris-
glycine buffer (Table 2.1 ). Gels were stained with ethidium bromide (0.5 mg/ml) 
and dsRNA visualized on a long wavelength (302 nm) UV transilluminator and 
the image printed using a UV transilluminator (UVP). 
Table 2.1. Preparation of 7.5% polyacrylamide gels for electrophoresis of 
dsRNA. 
acrylamide 3200 
dH20 4145 
10% SDS 100 
1.5 M Tris (pH 8.8) 2500 
10% APS 50 
TEMED 5 
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2.3.8.3 Denaturing polyacrylamide gels 
To each DNA sample was added 0.5 vol of stop solution and the DNA 
denatured by boiling in a water bath for 3 min and quenched on ice. Samples 
were electrophoresed in 5% stacking, 12% resolving polyacrylamide gels 
(Table 2.2) using a Miniprotean apparatus (BioRad) at 150 V for 60 min. DNA 
was visualized by exposure to X-ray film for at least 15 min or by imaging on 
phosphoimaging plates (Fuji). 
Table 2.2. Preparation of denaturing polyacrylamide gels for electrophoresis of 
DNA. 
7M urea 4.2ml 4.2ml 4.2ml 
acrylamide 1.25 ml 2.0 ml 3.0 
dH20 3.55 2.7 1.7 
10 X TBE 1.0 ml 1.0 ml 1.0 ml 
10% APS 100 ).11 100 ).11 100 ).11 
TEMED 5 ).11 5 ).11 5 ).11 
2.3.9 Isolation of DNA from agarose gels 
DNA bands were excised from agarose gels and extracted using a Bresaclean 
kit (Bresatec) essentially as recommended by the manufacturer. To excised 
agarose pieces in 1.5 ml Eppendorf tubes was added 3 vol of solution 1. The 
mixtures were incubated at 65°C with occasional mixing until the agarose 
melted. To the mix was added 5 ).11 of binding solution, vortexed and incubated 
at RT for 5 min with occasional mixing. Tubes were centrifuged for 20 s and the 
supernatant removed. The pellets were washed 3 times each with 3 vol of 
Bresa-wash, the tubes centrifuged for 5 min and the supernatants removed. 
Pellets were dried and resuspended in 10 ).ll dH20. 
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2.3.10 PCR 
Perkin Elmer Cetus of Hybaid thermal cyclers were used for PCR. The PCR 
reaction mix (50 IJI) contained 10 mM Tris, pH 8.3, 50 mM KCI, 1.5 mM MgCI2 , 
1.25mM each dNTP, 20 pmoles of each primer, and 5.0 units Taq polymerase 
(Cetus).· Aliquots (0.1 )J.I, 1 J.ll, or 5 )J.I) of previously synthesized eDNA were 
added to the mix which was subjected to one cycle of denaturation at 94°C for 
3 min; 30 cycles of 94°C for 30 s, 50°C for 1 min and 72°C for 2 min; and 
finally 1 cycle of 72°C for 10 min. PCR products were checked by 
electrophoresis in agarose gels. 
2.3.11 Purification of PCR products 
2.3.11.1 Method 1 - Precipitation 
PCR reactions were adjusted to 100 J.ll with dH20 and an equal vol of 4 M 
ammonium acetate and 2.5 vol of ethanol added. The DNA was precipitated 
by centrifugation and the pellet washed with 500 1-11 70% ethanol at RT for 1 0 
min. The pellet was precipitated by centrifugation and dried. The dried pellet 
was resuspended in 10 J.ll dH20 and stored at -20°C. 
2.3.11.2 Method 2 - Bresaclean 
PCR products were purified using a Bresaclean kit (Bresatec) essentially as 
recommended by the manufacturer. To the completed PCR reactions were 
added 3 vol of Bresa-salt solution and 5 )J.I of Bresa-binding solution. The 
mixes were incubated at RT for 5 min, the silica-bound DNA pelleted by 
centrifugation for 20 s at RT and the supernatant discarded. The pellets were 
washed 3 times each with 3 vol of Bresa-wash, the tubes centrifuged for 5 min 
and the supernatants removed. Pellets were dried and resuspended in 10 J.ll 
dH20. 
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2.3.12 
2.3.12.1 
Capillary transfer of nucleic acids 
Northern blot 
Polyacrylamide and agarose gels containing dsRNA were soaked in 0.1 M 
NaOH for 30 min and then neutralized in 0.1 M Tris, pH 8.0 for 30 min. The 
dsRNA was blotted overnight onto Hybond-N+ (Amersham) membrane using 
25 mM NaP04 , pH 6.5 as the transfer buffer. The membrane was washed 
with 2XSSC and air dried. 
2.3.12.2 Alkaline transfer 
DNA was electrophoresed in agarose gels, depurinated in 0.25 M HCI for 10 
min and rinsed in TAE (1X). DNA was then capillary blotted onto Hybond-N+ 
membrane (Amersham) using 0.4 M NaOH as transfer buffer. Membranes 
were rinsed in 2 X SSC and air dried. 
2.3.13 
2.3.13.1 
Probe labelling 
RNA probes 
Purified individual dsRNA segments (200 ng) were made up to a final vol of 
38 ~-tl containing 5 mM EDTA and 53 mM KOH. The reaction was incubated at 
65°C for 8 min. To the reaction mix was added 2 ~-tl of 1 M KCI, 1 ~-tl 1 M Tris, 
pH 7.0 and 1.5 ~-tl 5 M NaCI. After the reaction mix was vortexed, an additional 
6 ~-tl 3 M sodium acetate and 150 ~-tl ethanol were added. The mix was again 
vortexed and incubated overnight at -20°C. DsRNA was pelleted by 
centrifugation for 15 min and washed with 500 ~-tl 70% ethanol at RT for 10 
min. The pellet was precipitated by centrifugation and dried. The dried pellet 
was resuspended in 38 ~-tl dH20. 
DsRNA was denatured at 96°C for 5 min and quenched in an ethanol-dry ice 
bath. To the mix was added 5 ~-tl PNK buffer (1 OX) (Boehringer Manheim), 5 ~-tl 
y32P-ATP (1 0 ~-tCilul) (Bresatec) and 2 ~-tl PNK (1 0 U/~-tl) ·-(Boehringer 
Manheim). The reaction was incubated at 37°C for 60 min and then stopped 
by adding 2 ~-tl 0.5 M EDTA. The mixture was extracted with an equal vol of 
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phenol/chloroform and the upper phase transferred to a fresh tube. Labelled 
RNA was precipitated after the addition of 20 fll 3 M ammonium acetate, 300 
fll ethanol and 1 ~tl glycogen (20 mg/ml) (Boehringer Manheim). The RNA 
pellet was washed with 500 fll 70% ethanol at RT for 1 0 min. The pellet was 
precipitated by centrifugation and dried. The dried pellet was resuspended in 
25 fll TE, pH 8.0. The probe was denatured by boiling for 5 min and 
quenched on ice before use. 
2.3.13.2 DNA probes 
DNA was labelled with 32P-dCTP using a "high prime" random prime labelling 
kit (Boehringer Manheim) as recommended by the manufacturer. 
Approximately 25 ng of template DNA in 11 fll dH20 was denatured by boiling 
for 10 min and quenched on ice. To the DNA mix was added 4 fll high prime 
solution and 5 fll a 32P-dCTP (1 0 flCl/fll) (Bresatec) and the reaction mix 
incubated at 3rC for 10 min. The reaction was terminated by heating at 65°C 
for 10 min or by the addition of 2 ~tl 0.5 M EDT A. 
Alternatively, probes were labelled with 32P-dCTP using a Ready-To-Go DNA 
labelling kit (Pharmacia) as recommended by the manufacturer. 
Approximately 25 ng of template DNA in 45 fll dH20 was denatured by boiling 
for 10 min and quenched on ice. To the reaction tube was added the DNA mix 
and 5 fll 50 flCi (1 0 flCi/f.LI) 32P-dCTP (Bresatec). The reaction mix was 
incubated at 3rC for 15 min. 
All probes were denatured by boiling and quenched on ice before use. The 
efficiency of incorporation of 32P-dCTP was ascertained using a TCA count as 
described in 2.3.13.3. 
2.3.13.3 Determination of DNA labelling efficiency 
A 1 fll aliquot of labelled probe was transferred to a glass tube and 50fll 
herring sperm DNA and 5 ml 10% TCA added. The mix was vortexed and 
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incubated on ice for 15 min. The solution was passed through a GF/e filter 
paper disc (Whatman) which was then washed with an excess of 10% TeA 
followed by 70% ethanol. The paper disc was placed in a plastic tube 
containing 5 ml scintillation fluid and the counts per minute (ePM) determined 
using a-scintillation counter (Beckman). The specific activity per 1-Lg of DNA of 
the probe was calculated. 
2.3.14 Nucleic acid hybridization 
Membranes were initially soaked in 2 X sse for 2 min and incubated. 
interleaved with nylon mesh in hybridization bottles at 65°e inside a dry air 
oven (Hybaid). The membranes were prehybridized in 5 ml Rapid-hyb 
(Amersham) for at least 15 min. The membranes were then incubated 
overnight at 65°C in a fresh aliquot of Rapid-hyb containing approximately 
1 00 ng of either labelled DNA or 5' end labelled RNA. 
Filters were washed at 65oe in at least three changes each of 0.1% SDS, 1 x 
sse for 15 min, air dried and exposed to X-ray film for at least 1 h at -sooc 
using intensifying screens. Alternatively, membranes were visualized using a 
phosphoimager (Fuji). 
2.3.15 Restriction endonuclease digestions 
DNA clones were digested with restriction endonucleases as recommended 
by the manufacturer. 
2.3.16 Ligation of DNA fragments 
2.3.16.1 Blunt-end ligation 
PeR products were ligated into plasmid vectors using a peR-Script kit 
essentially as described by the manufacturer (Stratagene). Products 
synthesized using Pwo or Pfu DNA polymerases were ligated as described in 
Table 2.3. 
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Products synthesized using Taq DNA polymerase were polished to remove 
the 3' overhang prior to ligation as described in Table 2.3. To 10 111 of purified 
PCR product was added 1 111 dNTPs (1 0 mM), 1.3 111 PCR buffer (1 OX) and 
0.5 111 Pwo polymerase (2U/)ll) (Stratagene). The reaction was overlayered 
with mineral oil and the reaction incubated at 72°C for 30 min. Products were 
either used directly in ligation reactions or purified as described in 2.3.11.2. 
Table 2.3. Reagents U$ed for the ligation of blunt-ended PCR products. 
Reaction mixes were made up to 10 111 with dH20 and incubated at HT for 60 
min. 
pCR Script vector (1 0 ng/)ll) 1 
ligation buffer (1 OX) 1 
10 mM rATP 0.5 
PCR product 2-4 
Srf I (5U/)ll) 1 
T4 DNA ligase 1 
2.3.16.2 Sticky-end ligation 
PCR products were ligated into plasmid vectors pGEM-T and pGEM-T Easy 
using a pGEM-T kit (Promega) essentially as recommended by the 
manufacturer and described in Table 2.4. PCR products were frequently 
purified and tailed prior to ligation as described in Table 2.5. 
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Table 2.4. Reagents used for the ligation of PCR products. Reaction mixes 
were made up to 10 f.ll with dH20 and incubated at 14°C overnight. 
pGEM -T vector (50 ng/f.ll) 1 
ligase (1 U/f.ll) 1 
ligase buffer (5X) 1 
PCR product 1 - 5 
Table 2.5. Reagents used for the tailing of PCR products. Reaction mixes 
were made up to 10 ).ll with dH20, overlayered with mineral oil and incubated 
at 72°C for 10 min. 
2.3.17 
2.3.17.1 
PCR products 
Taq DNA polymerase 
PCR buffer (1 0 X) 
dATP (10 mM) 
Transformation of plasmid DNA 
Method 1 
7.5 
0.5 
1 
1 
E.coli DH5 F' cells were transformed essentially as described by Leonardo 
and Sedivy (1990). From a 3 ml overnight culture of E.coli DH5 F' cells in LB, 
a 50 ml LB culture was inoculated and incubated at 3JCC to an 00550 of 0.3. 
The culture was placed on ice for 30 min before the cells were pelleted by 
centrifugation at 8000 g for 5 min at 4°C. The supernatant was removed and 
the pellet resuspended in 10 ml 50 mM CaCI2. The cells were placed on ice 
for 30 min before being pelleted by centrifugation at 8000 g for 5 min at 4°C . 
.. 
The cells were resuspended in 1 ml 50 mM CaCI2 and stored at 4°C for up to 
10 days before use. 
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To 50 f-tl aliquots of competent cells was added 5 !JI of ligation mix and the 
mixture incubated on ice for 30 min. Cells were then heat shocked at 42°C for 
90 s and placed on ice for 2 min. The cells were resuspended in 450 !JI LB 
and incubated in a shaking incubator at 3?DC for 60 min. Dilutions were plated 
out on LBA containing IPTG (29 j..ig/ml), X-gal (0.06%) and ampicillin (50 
j..ig/ml) and incubated overnight at 37°C. Recombinant clones were identified 
by blue/white selection and used to inoculate overnight LB cultures containing 
ampicillin (50 j..ig/ml). 
2.3.17.2 Method 2 
To 50 f-tl aliquots of competent cells (Stratagene) was added 0.7 fll of 1.3 M 
mercaptoethanol and the mixture incubated on ice for 10 min. To the 
competent cells were added 2 !JI of ligation mix which were then incubated on 
ice for 30 min. Cells were then heat shocked at 42°C for 45 s and placed on 
ice for 2 min. The cells were resuspended in 450 !JI SOB and incubated in a 
shaking incubator at 3?DC for 60 min. Dilutions were plated out on LBA 
containing IPTG (29 j..ig/ml), X-gal (0.06%) and ampicillin (50 j..ig/ml) and 
incubated overnight at 37°C. Recombinant clones were identified by 
blue/white selection and used to inoculate overnight LB cultures containing 
ampicillin (50 j..ig/ml). 
2.3.18 Quantitation of proteins 
Protein quantitation was done using a Bradford protein assay kit (BioRad) 
essentially as recommended by the manufacturer. BSA was used as the 
standard. Unknown proteins were diluted to 1:10, 1:100 and 1:1000 and the 
val adjusted to 800 f-tl with dH20 to which 200 fll of dye reagent were added. 
The reactions were incubated at RT for 5 min. All reactions were measured at 
595 nm using a Beckman spectrophotometer. 
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2.3.19 Electrophoresis of proteins 
Proteins were electrophoresed in discontinuous polyacrylamide gels 
consisting either a 12%, 10% or 7.5% resolving gel with a stacking gel of 4% 
(Tables 2.6,2.7) using Tris/glycine buffer. Proteins were mixed with gel 
loading ·buffer and boiled for 5 min. Mixes were centrifuged for 2 min and 
electrophoresed in a Miniprotean apparatus (BioRad) at 150 volts for 60 min at 
4°C. Prestained wide range protein standard markers (BioRad) were used. 
Proteins were visualized by staining with Coomassie blue. 
Table 2.6. Preparation of polyacrylamide resolving gels. Volumes are in 
microlitres. 
dH20 3350 4100 4850 
1.5 M Tris.HCI pH 8.8 2500 2500 2500 
10% SDS 100 100 100 
acrylamide 4000 3300 2500 
10% APS 50 50 50 
5 5 5 
Table 2.7. Preparation of 4% polyacrylamide stacking gel. 
dH20 6100 
0.5 M Tris.HCI pH 6.8 2500 
10% SDS 100 
acrylamide 1300 
10% APS 50 
TEMED 10 
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2.3.20 Western blot 
Unstained proteins separated by PAGE were transferred to nitrocellulose 
membrane (Schleicher & Schuell, 0.2 /-l) using a trans-blot semi-dry 
electrophoretic transfer cell (BioRad) essentially as recommended by the 
manufacturer. A pre-wetted nitrocellulose membrane (cut to the size of the 
polyacrylamide gel) was placed on 2 sheets of 3 MM paper (Whatman) 
soaked with transfer buffer. The polyacrylamide gel was soaked in transfer 
buffer for 2 min, placed on the nitrocellulose membrane and air bubbles 
removed. Two extra pieces of pre-wetted 3 MM paper were placed on top of 
the stack and proteins were transferred at 12 volts for 20- 30 min at 4°C. 
2.3.21 lmmunodetection of proteins 
All incubations were done on a shaker at room temperature. Nitrocellulose 
membranes containing proteins were initially soaked in blocking solution for 30 
min at RT or overnight at 4°C. The membranes were then washed three times, 
each of 10 min, in PBS-T. The primary antibody was diluted in PBS-T (1:1000) 
and incubated with the membranes for 30 - 60 min. The membranes were then 
washed three times, each of 10 min, in PBS-T. The goat anti-rabbit lgG-AP 
secondary antibody (Promega) was diluted in PBS-T (1 :5000) and incubated 
with the membranes for 45 min. The membranes were then washed three 
times, each for 1 0 min with PBS-T. Colour development was completed using a 
Protoblot kit (Promega) essentially as recommended by the manufacturer. To 
10 ml of alkaline phosphatase buffer was added 66 ).11 of NBT colour 
development substrate and 33 ~tl of BCIP. Colour development was stopped by 
washing the membranes in dH20. Membranes were dried and stored at RT. 
2.3.22 Sequence analysis 
The sequence analysis package distributed by the University of Wisconsin 
Genetics Computer Group (Deveraux eta/., 1 984) was used for the majority of 
computer assisted analyzes. In all cases the default settings were used. 
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2.3.22.1 Nucleotide sequence analysis 
The programs "testcode", "frames" and "map" were used to determine ORFs. 
Codon usage tables were compiled using the program "codon frequency" and 
this data used to determine ORFs using the program "codonpreference". 
Genbank nucleotide databases were searched for sequences having homology 
with FDV sequences using FASTA (Pearson et a!., 1988) and BLASTN 
(Altschul et a/., 1990). Comparisons of two nucleotide sequences were done 
using the "align" program. 
2.3.22.2 Protein analysis 
The primary and secondary structure of proteins were analyzed using the 
program "plotstructure" and the parameters of Chou and Fasman (1974). The 
estimated pi and MW were predicted using the IBI program. Comparisons of 2 
amino acid sequences were done using the "align" program. "Peptidestructure" 
and "plotstructure" programs allowed an analysis of the secondary structure 
using the parameters of Chou and Fasman (1974). 
2.3.22.3 Motif analysis 
Emotif (Neviii-Manning eta/., 1997) and the program "profile scan" were used to 
identify motifs in the FDV amino acid sequences. 
2.3.22.4 RNA secondary structure analysis 
The RNA secondary structure of FDV RNA was analyzed using mfold (mfold 
server, NIH). 
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CHAPTER 3 
CLONING OF FDV dsRNA 
3.1 INTRODUCTION 
FDV is a member of the genus Fijivirus of which there are 5 other reported 
members; MRDV, the Mal de Rio Cuarto strain of MRDV, RBSDV, PaSV and 
OSDV. All members of this genus have a multipartite genome comprising 10 
segments of dsRNA. The sizes of the FDV dsRNA segments range from 
approximately 4400 bp (S 1) to 1800 bp (S 1 0) with a total size of 
approximately 30 kbp (Hatta and Francki, 1974). 
There have been a number of methods reported for the cloning of dsRNA. 
These include the generation of random primed eDNA libraries (Jelkmann et 
a!., 1989, Saldarelli eta/., 1994) and reverse transcriptase-PCR using primers 
designed from conserved RNA sequences or using linkers ligated to the ends 
of the RNA segments (Lamben eta!., 1992, Bigot eta/., 1995). The templates 
used for cloning have also varied including virus purified dsRNA, dsRNA 
purified from infected plants using cellulose CF-11 and individual dsRNA 
segments purified from agarose or polyacrylamide. All methods have their 
advantages and disadvantages but rely on the use of high quality fully 
denatured dsRNA. 
In this chapter, several dsRNA denaturation methods were examined in an 
attempt to optimize the protocol for generating FDV specific clones. 
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3.2 MATERIALS AND METHODS 
The materials and methods used in this chapter, unless otherwise stated 
below, were those described in previous chapters. 
3.2.1 Denaturation of FDV dsRNA and first strand eDNA synthesis 
Three different denaturation methods were used; boiling for 5 min following by 
quenching on ice, and heating at 98 oc for 8 min, with and without 
methylmercuric hydroxide, followed by quenching in a dry ice/ethanol bath. In 
all reactions, the purified dsRNA (1 00 ng) (2.3.3.2) and random primers (250 
ng), with or without methylmercuric hydroxide (0.05 mM final concentration), 
were mixed in a 12 ~I reaction prior to heating. 
Following quenching, the reagents for the eDNA reaction with the exception of 
the reverse transcriptase, were added and the mixture allowed to thaw at RT 
for 2 min. One microlitre of reverse transcriptase (Superscript II, Gibco) was 
then added and the mixture incubated at 3JCC for 60 min. 
The first strand eDNA mix contained: 
denatured dsRNA 12 ~I 
5X reverse transcription buffer (Gibco) 4 ~I 
dNTPs(1 0 mM) 1 ~I 
OTT (100 mM) 2 ~I 
The reaction was stopped by heating at 70°C for 15 min after which RNase H 
(1 U) was added and the mix incubated for a further 20 min at 55°C. The 
eDNA was precipitated by the addition of 2.5 vol 100% ethanol and 0.1 vol 3 
M sodium acetate, pH 5.4. The mix was vortexed and incubated at -70oc for 
15 min before the eDNA was precipitated by centrifugation at 1 0000 g for 30 
min at 4°C. The pellet was washed with 70% ethanol at RT for 2 min and 
precipitated by centrifugation for a further 10 min. The pellet was dried and 
resuspended in dH20. 
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3.2.2 Second-strand eDNA synthesis 
The second-strand eDNA reaction mix contained: 
First strand eDNA mix 
5 X second strand buffer (Promega) 
dNTPs (1 0 mM) 
OTT (100 mM) 
DNA ligase (1 U/J..d) (Promega) 
E. coli DNA polymerase (5.2 U/J..tl) (Promega) 
RNase H (1.1 U/!ll) (Stratagene) 
dH20 
40 J.tl 
64 Ill 
6 Ill 
12 Ill 
25 Ill 
16 Ill 
2 Ill 
155 Ill 
The second-strand reaction was incubated at 16°C for 2 h. Ten units of T 4 
DNA polymerase (1 U/11l) (Stratagene) were then added to the mix and the 
reaction incubated for a further 10 min at RT. The reaction was terminated 
with the addition of 20 Ill 0.5 M EDTA, pH 8.0 and extracted with an equal 
volume of phenol/chloroform (1: 1 ). The solvent phase was transferred to a 
fresh tube and 2.5 vol 100% ethanol and 0.1 vol 3 M sodium acetate, pH 5.4 
was added. The mix was vortexed and incubated at -70°C for 15 min before 
the DNA was precipitated by centrifugation at 10000 g for 30 min at 4°C. The 
pellet was washed with 70% ethanol at RT for 2 min and precipitated by 
centrifugation for a further 10 min. The pellet was dried and resuspended in 
100 111 STE buffer. 
3.2.3 Selection of dsDNA products >300 bp 
DsDNA products greater than 300 bp were selected using a S400 CL size 
exclusion column (Pharmacia) as recommended by the manufacturer. DsDNA 
products (3.2.2) were pipetted onto the column matrix and the· column was 
centrifuged at 6000 g for 10 min. The filtrate was transferred to a fresh tube 
and 2.5 vol 100% ethanol and 0.1 vol 3 M sodium acetate, pH 5.4 was added. 
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The mix was vortexed and incubated at -7ooc for 15 min before the DNA was 
pelleted by centrifugation at 10000 g for 30 min at 4 oc. The pellet was 
washed with 70% ethanol at RT for 2 min and precipitated by centrifugation 
for a further 10 min. The pellet was dried and resuspended in 20 ).ll TE, pH 
8.0. 
3.2.4 Ligation reaction 
DsDNA products (3.2.3) were ligated into Sma I digested pUC18 vector using 
a Ready-To-Go kit as recommended by the manufacturer (Pharmacia). 
Ligations were incubated at 16°C overnight and the reaction heat inactivated 
at 65°C for 10 min. Ligation mixes were stored at -20°C until further use. 
74 
3.3 RESULTS 
The results in this chapter cover the optimization of FDV dsRNA denaturation 
for eDNA synthesis and the subsequent synthesis and preliminary 
characterization of a FDV eDNA library. The strategies for generating the 
eDNA library of FDV dsRNA and analysis of clones is represented by the flow 
diagram in Fig. 3.1. 
Purification of FDV dsRNA from gall tissue 
~ 
Optimization of first strand eDNA synthesis 
~ 
Generation of eDNA library 
~ 
Preliminary characterization of FDV clones by Northern blot 
hybridization 
Figure 3.1. Flow diagram outlining the strategy used for the generation and 
screening of the FDV eDNA library. 
3.3.1 Purification of FDV dsRNA 
A high concentration of clean dsRNA was observed which had an 
electrophoretic profile typical of FDV. FDV segments 2 - 4 and 9/10 could not 
be resolved after electrophoresis for 4 h. However, prolonged electrophoresis 
for 14 hat 4°C enabled the resolution of segments 2-4 although S9 and S1 0 
still co-migrated (Fig. 3.2). 
The nature of the nucleic acid bands as dsRNA was confirmed by their 
resistance to RNase in high salt and Dnase, and their sensitivity to RNase in 
low salt (Dale eta/., 1989) (results not shown). 
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Figure 3.2. Ethidium bromide stained polyacrylamide gel of FDV dsRNA 
following electrophoresis at 100 Vfor (a) 4 hours and (b) 14 hours. Individual 
segments are identified on the left and their approximate sizes (kbp) 
determined using dsDNA markers, are shown in brackets. 
3.3.2 Denaturation and cloning of FDV dsRNA 
Three methods of dsRNA denaturation were compared to determine the most 
efficient protocol to enable the synthesis of large amounts of high molecular 
weight first strand eDNA To determine the quality and size of eDNA products 
synthesized using each denaturation method, the eDNA was synthesized 
using labelled 32P-dCTP and an aliquot of the reaction mix was analyzed by 
denaturing PAGE. 
Heating the dsRNA at 98°C for 8 min in the absence of methylmercuric 
hydroxide, followed by quenching on dry ice/ethanol, appeared to be the most 
efficient denaturation method with large quantities of products up to 1 kbp 
synthesized (Fig. 3.3). In contrast, denaturation by boiling for 5 min or heating 
at 98°C for 8 min with methylmercuric hydroxide resulted in a very poor yield 
of eDNA (Fig. 3.3). 
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bp 
800-
600-
300-
(a) 
bp 
800-
600-
300-
(b) 
1 2 
Figure 3.3. Denaturing PAGE of labelled eDNA synthesized using (a) boiling 
for 5 minutes and quench on ice or (b) heating at 98°C for 8 min without (lane 
1) or with the addition of methyl mercuric hydroxide (lane 2). MW markers are 
indicated on the left. 
Using the optimized denaturation method, a eDNA library was generated 
using random primers and CF-11 purified FDV dsRNA (2.5 1-lg) as template. 
DsDNA products were blunt-ended using T4 DNA ligase and passed through 
a size exclusion column. Products greater than 300 bp were ligated into Sma 
I digested alkaline phosphatase treated pUC18 vector. E. coli strains JM1 09 
and DH5a were transformed using the plasmid ligation reactions and 
potential recombinants screened on X-gal substrate. 
3.3.3 Preliminary characterization of FDV clones 
Approximately 200 potential clones were selected from the eDNA library, and 
the inserts excised by digestion with Eco Rl and Pst I and electrophoresed in 
agarose gels. Of the clones, 1 04 had inserts of approximately 500 bp or 
greater (Table 3.1 ). Eight clones with the size between 500 - 800 bp were 
randomly selected and their inserts excised, gel purified and random prime 
labelled with 32P-dCTP. The labelled inserts were then used as probes in 
77 
Northern analysis using purified FDV dsRNA. The inserts from clones 37, 38, 
65, 72 and A59 hybridized strongly to a single FDV segment (Fig. 3.5 and 
3.6) while the insert from clone 21 hybridized strongly to both FDV segments 
3 and 5 (Fig. 3.4). Two clones, 71 and 15, contained inserts that hybridized to 
either 89 or 1 0 (Fig. 3. 7). The exact segment specificity of these could not be 
accurately determined because 89 and 810 could not be resolved during gel 
electrophoresis due to their similar sizes. The inserts from clones 15, 21, 37, 
38, 65, 71, 72 and A59 were fully sequenced in both directions using UFP 
and URP and were found to comprise 400, 1100, 637, 572, 516, 497, 511 
and 558 bp, respectively (Table 3.2). 
Table 3.1. FDV eDNA clones. 
1, 5, 6, 7, 9, 11, 12, 15, 16, 17, 24, 25, 26, 35 < 500 
27, 28, 30, 31, 34, 36,41,44,60,66, 67, 68, 
69, 70, 71, A12, A13, A14, A25, A26, A29, 
A62 
110,29, 33,35, 38,39,43, 53, 54, 57, 63, 65, 32 500-600 
I 
72, 73, 74, A6, A?, A11, A15, A19, A24, A30, 
A31, A32, A35, A37, A55, A56, A59, A57, 
A65, A66 
8, 18, 22, 37, 56, A2, AS, A23, A38, A39, 13 600-700 
A40, A43, A44, 
3,4, 13, 55,59,A28,A42,A53,A63,A64, 10 1700- 800 
14, 19, 20, 21, 32, 42, 51, 58, A 1, A3, A5, 14 > 800 
i A10, A48, A67 
i 
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S1 
S2 ... 
53/4 
S5 ~ 
S6 
57 
sa 
59/10 
Figure 3.4. Northern blot hybridization of FDV dsRNA probed with random 
prime labelled DNA insert of clone 21. FDV dsRNA segments are indicated 
on the left and segments 2 and 5 are arrowed. 
1 2 3 
S1 
52/3/4 
ss ________.. 
S6 
57 
sa 
59/10 
Figure 3.5. Northern blot hybridization of FDV dsRNA probed with random 
prime labelled DNA inserts of clones 37 (lane 1 ), 72 (lane 2) and 65 (lane 3). 
FDV dsRNA segments are indicated on the left and 85 is arrowed. 
79 
1 2 
51 
52/3/4 
55 
56 
57 ... 
58 
59/10 
Figure 3.6. Northern blot hybridization of FDV dsRNA probed with random 
prime labelled DNA inserts of clones A59 (lane 1) and 38 (lane 2). FDV 
dsRNA segments are indicated on the left and S7 is arrowed. 
51 
52/3/4 
55 
56 
57 
58 
59/10 ---+ 
1 2 
Figure 3.7. Northern blot hybridization of FDV dsRNA probed with random 
prime labelled DNA inserts of clones 71 (lane 1) and 15 (lane 2). FDV dsRNA 
segments are indicated on the left and segments 9 and 10 are arrowed. 
80 
Table 3.2. Segment specificity and size of FDV specific clones identified by 
Northern hybridization. 
21 1100 3, 5 
37 637 5 
72 511 5 
38 572 7 
A 59 558 7 
71 497 9/10 
15 400 9/10 
65 516 5 
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3.4 DISCUSSION 
One of the major limitations to the synthesis of large quantities of high 
molecular weight eDNA from dsRNA is the inability to fully denature the 
dsRNA template. Therefore, this study initially examined several different 
denaturation methods to determine the most efficient method for the 
generation of a FDV library. Heating at 98°C for 8 min in the absence of 
methylmercuric hydroxide followed by quenching in a dry ice/ethanol bath 
was found to produce the highest yield of high molecular weight eDNA while 
the use of methylmercuric hydroxide or boiling resulted in undetectable and 
low amounts of eDNA Upadhyaya eta/. (1995) also reported the successful 
synthesis of eDNA using dsRNA from the oryzavirus, RRSV, by heating at 
98°C for 8 min in the absence of methylmercuric hydroxide. However, 
Saldarelli et a/. (1994) reported that the production of eDNA clones, from 
dsRNA associated with grapevine leafroll-associated closterovirus Ill (GLRaV 
Ill), could only be achieved by boiling the template at 1 oooc and using 
methylmercuric hydroxide. The significance of these results is not immediately 
clear. However, in all three cases the use of highly purified dsRNA was 
critical. 
Using the most efficient denaturing method, a eDNA library was generated 
using a random priming and forced ligation. This protocol has been 
successfully used to generate a eDNA library of Pangola stunt fijivirus for the 
development of diagnostic probes (Karan et. a/., 1994 ). One of the major 
disadvantages of this protocol, however, is the likelihood of generating clones 
which contain multiple inserts. 
A library consisting of several hundred clones was generated and 104 clones 
were initially selected for further characterization. The majority of these clones 
contained inserts with sizes between 500 - 800 bp. The segment-specificity of 
8 clones from the library was initially determined by Northern hybridization. 
The majority of clones were found to hybridize to a single genome segment of 
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FDV with seven clones hybridizing specifically to segments 5, 7, 8 and 10. 
One clone hybridized strongly to two segments, S3 and S5. It is most likely 
that the insert from this clone contained sequence from both S3 and S5, 
highlighting the disadvantage of using forced ligation for cloning. It is also 
possible, however, that the clone contained conserved sequences present in 
both segments. The exact segment specificity of FDV S1 0 clones could not 
be accurately determined by Northern hybridization due to the inability to 
separate S9 and S1 0 by polyacrylamide or agarose gel electrophoresis. 
Sequence analysis of the cloned inserts was therefore required in order to 
fully characterize these, and other, S9/S 10 specific clones. 
The preliminary analysis of FDV eDNA clones by Northern hybridization had 
some disadvantages; it was time consuming, as only one clone could be 
analyzed at any one time, and segments which co-migrate in PAGE and 
agarose could not be differentiated. Despite these problems, this strategy was 
successfully used to identify several clones containing sequences derived 
from FDV segments 5, 7 and 10. These clones were further characterised by 
sequence analysis as described in subsequent chapters. This will enable the 
development of alternative strategies to obtain the complete sequences of 
these genome segments. 
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CHAPTER4 
CHARACTERIZATION OF FDV SEGMENT 7 
4.1 INTRODUCTION 
Fiji disease virus (FDV) is the sole member of serogroup 1 of the genus Fijivirus 
(Uyeda and Milne, 1995). Other members of this genus include MRDV, RBSDV 
(all serogroup 2) and OSDV (serotype 3). 
The genome of FDV comprises 10 linear segments (S1 to S10) of dsRNA 
ranging in size from 1.8 - 4.4 kbp with a total genome size of approximately 30 
kbp. The 10 segments are separated according to their electrophoretic mobility, 
with S1 the slowest and 810 the fastest migrating segment. Based on 
electrophoretic mobility, FDV 87 is approximately 2.2 kbp which is similar to the 
sizes of MRDV S6 and RB8DV 7. The genomes of MRDV S6 and RB8DV 87 
both contain two ORFs which encode proteins of unknown function. Further, 
both segments possess 5' and 3' untranslated regions (UTRs) with sequences 
that are highly conserved both in other segments of these viruses as well as 
other fijiviruses. Based on size, it was hypothesized that FDV 87 may have a 
similar genome organization to MRDV 86 and RBSDV 87. 
This chapter describes the cloning, sequencing and analysis of FDV 87. 
Further, the putative gene products of FDV 87 were characterised by 
expressing the ORFs as fusion proteins in E. coli, preparing antibodies against 
the proteins and using the antibodies in Western analysis. 
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4.2 MATERIALS AND METHODS 
The materials and methods used in this chapter, unless otherwise stated below, 
were those described in previous chapters. 
4.2.1 Cloning of FDV 57 ORF I and ORF II for protein expression studies 
FDV S7 ORF I and ORF II polypeptides were expressed in E. coli strain DH 5a 
as fusion proteins with maltose-binding protein (MBP) using the pMAL-c2 
expression vector (New England Biolabs). Primer orf1fdv.bam (Table 4.1) was 
used for eDNA synthesis of S7 ORF I and the ORF subsequently amplified by 
PCR using primers orf1fdv.pst (Table 4.1) and orf1fdv.bam. The product was 
cloned into pGEM-T and transformed into E. coli DH 5a. The presence of the 
FDV S7 ORF I sequence in pGEM-T was confirmed by sequencing. Clones 
containing FDV S7 ORF I were digested with Bam HI and Pst I and subcloned 
into a similarly digested pMAL-c2 expression vector. The vector was 
transformed into E. coli DH 5a and the presence of the in-frame FDV S7 ORF I 
insertion was confirmed by sequencing with primers MalE and the UFP. 
Primer orf2fdv.bam (Table 4.1) was used for eDNA synthesis of S7 ORF II. 
ORF II was amplified by PCR using primers orf2fdv.pst (Table 4.1) and 
orf2fdv.bam and the product was cloned into pGEM-T. The subcloning of FDV 
S7 ORF II into the pMAL c2 expression vector was as previously described. 
4.2.2 Expression of FDV S7 ORF I and ORF II 
Fusion proteins were expressed in E. coli strain DH5a essentially as described 
by the manufacturer (NEB). A 10 ml starter culture of LB containing either 0%, 
0.1% or 1% glucose, 100 J.Lg/ml ampicillin and 100 J.LI of culture was incubated 
overnight in a shaking incubator at 3JCC. This culture was used to inoculate 
500 ml of LB containing 100 ~tg/ml ampicillin and either 0%, 0.1% or 1% 
glucose. Cultures were incubated in a shaking incubator at 3JCC to an 00600 of 
0.4 to 0.6. Cells were induced with the addition of 0.1 M IPTG and incubated for 
a further 2 h. 
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Table 4.1. Primers used in the cloning and sequencing of FDV S7. 
38.2. 18 ATCTCGTTCAACCAGGTG 
s7.5en 18 TAGGTTGATATCGACGTC 
s7.3en 18 TCCTACAAGTAAGTATGA 
orf1 fdv.pst 30 GCGCTGCAGTTATTGGTCA 
orf1fdv.bam 30 CGCGATCCATGGAAAGGTCTTCAAGAGAG 
orf2fdv. pst 27 GCGCTGCAGTTAATAGTCAAGCAGATT 
orf2fdv.bam 30 CGCGGATCCATGGAACAAAACCAAAATGAA 
p 22 AGAATTCTGCAGGATCCCGGGG 
G 22 CCCCGGGATCCTGCAGAATTCT 
The cells were immediately centrifuged at 4000 g for 20 min at 4°C and the 
pellets were stored in an inverted position at -20°C overnight. Twenty-five ml of 
cold column buffer was added and the pellet thawed on ice for 20 min before 
being transferred to a 50 ml Falcon tube. The cell suspension was placed in an 
ice bath and sonicated six times, each of 20 s, using a Vibra Cell Sonicator 
(Sanies & Materials Inc.). The mixture was centrifuged at 8000 g for 20 min at 
4°C and the supernatant transferred to a fresh tube. To prepare the amylose 
column, amylose resin (1.5 g) was washed at RT with three column volumes 
each of dH20 and 0.1% SDS followed by 1 column volume of dH20. The resin 
was washed an additional 3 times with 3 column volumes of cold column buffer. 
The supernatant containing the fusion protein was diluted with 2 volumes of 
column buffer and the mixture passed through the amylose resin column. The 
column was washed three times, each with 25 ml of column buffer. The fusion 
proteins were eluted with 25 ml column buffer containing 10 mM maltose. 
Fractions of 1.5 ml were collected and the 00280 determined to ascertain which 
contained the fusion protein. Fractions containing the fusion proteins were 
stored at -20°C or dried to a pellet in a Speed Vac SC11 0 vacuum drier 
(Savant). 
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4.2.3 Digestion of fusion proteins with factor Xa 
One hundred micrograms of each purified fusion protein was mixed with 0.2 )lg 
factor Xa and incubated at RT or 4°C overnight. Ten microlitre aliquots of each 
digest were then electrophoresed as described in 2.3.19. 
4.2.4 Preparation of total crude protein extracts from sugarcane 
Five grams of galls or healthy sugarcane leaves was ground with acid washed 
sand in 4 volumes of cold 20 mM sodium phosphate buffer (pH 7.4) using a 
chilled mortar and pestle. The extract was filtered through two layers of 
Mira cloth before centrifugation at 10 000 g for 20 min at 4 a c. The supernatant 
was aliquoted into Eppendorf tubes and stored at -20°C. 
4.2.5 Generation of antisera 
Polyclonal antisera to the fusion proteins were raised in approximately 16 
weeks old female New Zealand white rabbits. Rabbits were injected 
intramuscularly (hind leg) with 150 ).lg of fusion protein emulsified with an equal 
volume of Freunds incomplete adjuvant. After the initial injection, blood was 
collected at intervals of approximately two weeks immediately prior to booster 
injections. After seven injections, the rabbits were terminally bled by cardiac 
puncture. 
Blood was collected in sterile tubes and centrifuged at 3000 g for 10 min at 4°C 
. Serum was transferred to fresh tubes, mixed with an equal volume of 100% 
glycerol and stored at -20°C. 
4.2.6 Cross absorption of FDV antisera 
Healthy sugarcane leaf (0.1 g) was ground in liquid nitrogen and mixed with 
PBS-T and boiled for 5 min. The mixture was centrifuged for 5 min. Skim milk 
powder (5% final concentration) was added to the supernatant and this solution 
was used to dilute the S? ORF II antisera to 1:300. The mix was ·stirred at 4°C 
for 4 h, centrifuged for three min at 4°C and the supernatant stored at 4°C until 
used. 
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4.3 RESULTS 
The results in this chapter cover the sequencing and analysis of FDV S7. The 
sequence was compared to that of other phytoreoviruses and was analyzed for 
potential ORFs and structural motifs. The major ORFs were expressed in vitro 
and antisera were raised. These antisera were used to confirm the predicted 
functions of the encoded genes. 
The strategy for this work is represented by the flow diagram in Fig. 4.1. All 
clones used in this chapter are listed in Table 4.2. 
Preliminary analysis of FDV S7 specific clones 
~ 
Comparison of FDV S7 sequences to databases 
~ 
Selection of additional FDV S7 clones 
~ 
Mapping of FDV S7 clones 
~ 
Synthesis and cloning of remainder of FDV S7 
~ 
Analysis of FDV S7 sequence 
~ 
Expression of ORFs in-vitro 
~ 
Generation of antisera to recombinant proteins 
~ 
Analysis of FDV proteins 
Figure 4.1. Flow diagram outlining the strategy used to characterize FDV S7. 
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Table 4.2. FDV S7 clones used in this work. 
A13 490 
4 444 
A 59 667 
A66 316 
600pcr 
38 
S7.5en/44 600 
S7. 4 
s7.5en/50 600 
pMALT1-3 1155 
pMAL14 984 
4.3.1 Sequencing and preliminary analysis of FDV 57 specific clones 
The inserts from the S7 specific clones, 38 and A59, previously identified by 
Northern hybridization (3.3.3), were fully sequenced in both directions using the 
UFP and URP and were found to comprise 572 and 667 bp, respectively. When 
compared, the sequence of the 2 clones were dissimilar. 
The sequences of clones 38 and A59 were compared to the GenBank non-
redundant database. Two entries, RBDSV S7 and MRDV S6, were found to be 
most similar to the sequences of both clones. Clone 38 was 60.2% and 58.2% 
homologous to RBDSV S7 and MRDV S6 from nt 1604 - 1955 and nt 1652 -
1918, respectively, while clone A59 was 61% and 62.2% similar to RBDSV S7 
and MRDV S6 from nt 276 - 831 and nt 290 - 831, respectively. Both clones 
were mapped to the sequence of RBSDV S7 and were located within ORF I 
and ORF II, respectively. The intervening sequence between the two clones 
was estimated to comprise 763 nt, with A59 estimated to be 275 ht from the 5' 
end of RBSDV S7 and clone 38 estimated to be 238 nt from 3' end (Fig. 4.2). 
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500 1000 1500 2000 2193 (nt) 
RBSDV S7 
5' ---3' 
CloneA59 Clone 38 
Figure 4.2. Mapping of the sequence of FDV S7 specific clones, A59 and 38, 
to the sequence of RBDSV S7. 
4.3.2 Identification of additional S7 clones 
It was assumed that clones A59 and 38 were part of the same segment since 
the inserts from both clones (i) hybridized to FDV S7 and (ii) contained 
sequences with homology to RBDSV S7 and mapped to two separate regions 
of that segment. To obtain the remainder of FDV S7, 140 clones were selected 
from the previously generated eDNA library (Chapter 3). The cloned inserts 
were restriction digested and the DNA electrophoresed in agarose gels prior to 
transfer to nylon membranes. The membranes were then probed with gel 
purified 5' end labelled FDV S7. The inserts from three clones, A 13 (490 bp), 
A14 (444 bp) and A66 (316 bp) hybridized specifically to FDV S7 (Fig. 4.3). The 
inserts from these clones were fully sequenced in both directions using the UFP 
and URP and their sequences compared to each other and to the sequences of 
the previously generated FDV S7 clones, 38 and A59. The initial 10 nt of clone 
A66 were identical to the last 10 nt of clone A59. Clone A 14 and A 13 were 
identical to the initial 192 nt and 237 nt of clone A59, respectively, while nt 2 -
444 of A 14 were identical to the initial 443 nt of A 13. The sequences of all 5 
clones were mapped to that of RBDSV S7 (Fig. 4.4). Clones A13, 14 and A66 
had 55.7%, 64.2% and 60.6% homology to the nucleotide sequence of RBDSV 
S7, respectively, and had 42%, 54% and 39% identity at the amino acid level. 
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450-
350-
1 2 3 
Figure 4.3 Southern blot hybridization of clone A 13 (lane 1 ), A 14 (lane 2), and 
A66 (lane 3) probed with 5' end labelled FDV S7. MW markers are indicated on 
the left. 
500 1000 1500 2000 2193 (nt) 
RBSDVS7 
Clone A59 Clone 38 
CloneA14 CloneA66 
CloneA13 
Figure 4.4. Mapping of the sequence of FDV S7 specific clones, A59, A 14, A 13, 
A66 and 38 to the sequence of RBDSV S7. 
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4.3.3 Generation of additional FDV 57 clones 
4.3.3.1 Design of primers 
Using the sequence information from FDV S7, a strategy was devised to 
synthesise and clone the remaining sequence of FDV S7 (Fig. 4.5). To obtain 
the remaining internal sequence, two primers (M71 and 38.2) (Table 4.1) were 
synthesized using the sequences of clones A66 and 38. These primers were 
expected to amplify a product of approximately 650 bp in reverse transcriptase-
PCR, being similar to the predicted gap between both clones relative to RBSDV 
S7. 
The terminal sequences of FDV S7 were to be obtained using 3' RACE. A 3' 
amino blocked primer, primer P, was synthesized for ligation onto the 3' end of 
denatured FDV dsRNA. Two primers, s7.5en and s7.3en (Table 4.1), were 
synthesized from the sequences of clones A59 and 38 and used in a PCR with 
RACE primer G (complementary to primer P) (Table 4.1). Based on the 
mapped location of these clones to RBDSV S7, products of approximately 600 
bp and 400 bp were expected to be generated, corresponding to the 5' and 3' 
ends of FDV S7, respectively. 
4.3.3.2 Amplification and cloning of the internal FDV 57 
sequence 
Using primers M71 and 38.2 and total FDV dsRNA as template, a product of 
approximately 600 bp was synthesized in a reverse transcriptase-PCR. This 
product was cloned into pGEM-T and the insert from one clone, 600pcr, was 
sequenced using the UFP and URP. The sequence of clone 600pcr (658 bp) 
was compared to those of clones A66 and A38. The entire sequence of A66 
was identical to nt 1 - 316 of 600pcr and included the sequence of primer M71. 
The initial 87 nt of clone 38 were identical to nt 570 - 654 of 600pcr and 
included the sequence of primer 38.2. The remaining sequence oJ 600pcr was 
dissimilar to all other FDV S7 clones. When the sequence was mapped to that 
of RBSDV S7, 53.1% homology was identified between nt 942 - 1572. 
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Proposed FDV S7 
5' 3' 
s7.5en m71 38.2 s7.3en 
---------------------------------....... (---- -----,)oo~------------------------------------------- <II( ... ---------------------------
CloneA59 Clone A66 Clone 38 
Clone A14 oti1 fdv.pst s7oti2.f 
<II( ... 
Clone A13 
Figure 4.5. Strategy for generating additional FDV 87 clones. Predicted products are indicated by dashed lines and 
primers are indicated by lines with arrows indicating the direction for extension. 
4.3.3.3 Amplification and cloning of the 5' end of FDV 57 
RACE primer P was ligated to purified FDV dsRNA, and eDNA was synthesized 
using primer orf1fdv.pst. The eDNA was then used in a PCR with RACE primer 
G and primer s7.5en. The predicted product size of approximately 600 bp was 
amplified and cloned into pCRScript. The inserts from 2 clones, s7.5en/44 and 
s7.5en/50, were sequenced using primers URP and UFP and both inserts were 
found to contain identical sequences comprising 600 nt. When the sequence 
was compared to that of clone A 13, they were found to be identical with the 
exception of 19 nt corresponding to the 5' terminal sequence of S7. The cloned 
sequences were also compared to RBSDV S7 and were found to be 62.7% 
homologous at the nucleotide level over a region of 592 nt comprising the 5' 
terminal sequence. 
4.3.3.4 Amplification and cloning of the 3' end of FDV 57 
RACE primer P was ligated to purified FDV dsRNA, and eDNA was synthesized 
using primer s7orf2.f. The eDNA was then used in a PCR with RACE primer G 
and primer s7.3en. The predicted product size of approximately 400 bp was 
amplified and cloned into pCRScript. The insert from one clone, s7.3en/8 (400 
bp), was sequenced using primers URP and UFP. When the sequence was 
compared to that of clone 38, they were found to be identical with the exception 
of 146 nt corresponding to the 3' terminal sequence of S7. The cloned 
sequences were also compared to RBSDV S7 and were found to be 55.6% 
homologous at the nucleotide level over a region of 368 nt comprising the 3' 
terminal sequence. 
4.3.4 Genome organization and analysis of FDV 57 
Using the sequence information from FDV S7 clones s7.5en/44, A13, A14, 
A59, A66, 600pcr, 38 and s7.3en/8, a contiguous sequence was generated 
which comprised 2194 nt (Fig. 4.6). 
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1 AAGTTTTTTA GACCTGTCGT AGCAGAACAT ACCTACCGAA CATGGAAAGG TCTTCAAGAG 
61 
121 
181 
241 
301 
361 
421 
481 
541 
601 
661 
721 
781 
841 
901 
961 
1021 
1081 
1141 
1201 
1261 
1321 
1381 
1441 
1501 
1561 
1621 
1681 
1741 
1801 
1861 
1921 
1981 
2041 
2101 
M E R S S R E 
AGCATTCAAA ATATAGCAAA GCAAACACAC TAAATGAAAC ATACCAAATG CGAATGTACA 
H S K Y S K A N T L N E T Y Q M R M Y K 
AAGATGATTC TACACCAGAT TACTGTTATA GCGAGATAAG CGTCGGCCTA TCTTCAAGCT 
D D S T P D Y C Y S E I S V G L S S S S 
CACCCAAGAT GTCACTTTCA GACTACTTTA GCGCAGTTAG CGTAACTTAC GGAGATGAAG 
P K M S L S D Y F S A V S V T Y G D E A 
CCCGTTTGGA CGAATATAAA CCATTGTTGT ATTCTGATTT GCTATTCGCT GAATCATACG 
R L D E Y K P L L Y S D L L F A E S Y E 
AATTAGACGT CGATATCAAC CTATTAGTTT GGCAGTTGTT AAGCTCGAAT CAAGATTCAA 
L D V D I N L L V W Q L L S S N Q D S K 
AGTCTTTATG TGTTAATGTA CTACGTATGC TTCATACTTA CTCGTTGGGT AATGCTTATA 
S L C V N V L R M L H T Y S L G N A Y M 
TGGGAGGTGG TATTTATCAT TTTTCTCAAG GAACGAATAC TGAAACACTC TCTGATATTG 
G G G I Y H F S Q G T N T E T L S D I V 
TTGATATCTT ACGTTTGATC GGAAGATTAG CGAAAATAAT CATCAAGACG AAGTTCAGCC 
D I L R L I G R L A K I I I K T K F S Q 
AGATGGAATT AAAATGCGTA CAAACTCATT TAATATATTA CTTCACAGGT AAGGCATATA 
M E L K C V Q T H L I Y Y F T G K A Y K 
AATCGTTGAG TTTAAGTTGG GATAGTAAAT CAATATTATC TACATCCAAT GGTTATTCTA 
S L S L S W D S K S I L S T S N G Y S T 
CTTCAGAAGG ATTACTTGAT TATTATATTA GAAATAAGCT AGATTTATTT AAGGCTTTAT 
S E G L L D Y Y I R N K L D L F K A L Y 
ATTCAAAAAA TTTAGTATAC GGAGGTAACT ACTACTTAAT TTATCAGGTA TTGGTTTATT 
S K N L V Y G G N Y Y L I Y Q V L V Y Y 
ATTATATTAT TACAAATGGT CGTTATTCAA CTGGTTTTAA TTTGAGAAAG GACAGCATCA 
Y I I T N G R Y S T G F N L R K D S I K 
AACATTATAA TATTCCTAAT GATAATCCAA AGATGTGTAA TTCGATTTTA CCACGTAAGC 
H Y N I P N D N P K M C N S I L P R K P 
CTAATTTATC AATGATGTAT ATCAGAGCGA TTCTAATTAT GGTAATGATT AAAGACTACA 
N L S M M Y I R A I ~ I M V M I K D Y S 
GTCCAATTAA ATTAGTTCCT TTATATTTAA ACGCTCTAGA AATCGAAGAT CCTGCATATA 
P I K L V P L Y L N A L E I E D P A Y M 
TGTCATCAAG AATTACGGAC GGTGGAATTA GAATGGAAAC AGATAATATG GCTTCTACGC 
S S R I T D G G I R M E T D N M A S T P 
CTGATATTTC GCGAGTATTA CCTGCTTATT TTAATGGTGT TAAAAATGAC CAATAAATTA 
D I S R V L P A Y F N G V K N D Q 
AAAACATTTA TCAGTAAATA CTTTGTTAAA TACACAAATT GTTTATC~AT ~CAAAAC 
ME Q N 
CAAAATGAAG AATTTTTAGT TTATGAGTTT GATCAGATAA ATGTTAATGC CGATCAACAA 
Q N E E F L V Y E F D Q I N V N A D Q Q 
GAAGTTGATT TAGATGATC AATCAGTAGTC CTTTCAACTT ACGAATTTCC TTCTTTTTAT 
E V D L D D Q S V V L S T Y E F P S F Y 
GATATGGCTG TTGATGCTAT TTCCAAGGAT TTTAATTCAA CTCATCTTAT TATGGAAGAA 
D M A V D A I S K D F N S T H L I M E E 
CTCGATGGTG TAAATGTTAT ATATGATATT TTTGATTCTG AAGCGCTAGA GAAGTGGTTA 
L D G V N V I Y D I F D S E A L E K W L 
GATATTGATA CTTATTTTGA ACTAAAACCT TTTCCTATTG AACGTTTTGA ATTATTTAAC 
D I D T Y F E L K P F P I E R F E L F N 
CGTTTATTAT TGCATCAATT TCAAACTTTA GCTTATAATC GTCCTAGAGC AAGTTGGTCC 
R L L L H Q F Q T L A Y N R P R A S W S 
ACATTAAGAA ATCAAGCTAC ACAAAGTGTT ATTGAAGGTT TCGAAGATGAATTTAGTGAC 
T L R N Q A T Q S V I E G F E D E F S D 
TTACCAATTC AAGGCATGCA TAATGAAAGT TGGGAATGTT TAGCTCCTGA GCTCAGAATT 
L P I Q G M H N E S W E C L A P E L R I 
TGTTTTATGT TTAGAAGTTT TAAAATAAAA CCGTCAATTT TACTTCAAGT ATCACGAATT 
C F M F R S F K I K P S I L L Q V S R I 
TTAGCTGGAA GTTTAATGTT TCCTGGATTG AATTTGATTG GTAAAAAGTC ATTGTTAGAT 
L A G L M M F P G L N L I G K K S L L D 
ATGTTTAATA ATTACAATGT TATTGAATAT CTAGATCATT ATTTTCCTAC AAGTAAGTAT 
M F N N Y N V I E Y L D H Y F P T S K Y 
GATTCTGATG AGTATTTAAA ATTTATAAGA TTTGATTTAG TACCAGATGA ATGGAAACTT 
D S D E Y L K F I R F D L V P D E W K L 
ATTGTTGTTA AGCATGAGTT TGAAAATTCG TTTAGATTTC 'l'TAATGTACA TGGCAAAACA 
I V V K H E F E N S F R F L N V H G K T 
GAGGAAAAGC CTTATCATAA AGCCATGCGT GGCCCTCCTC CTGATCAATG GTATACTCTT 
E E K P Y H K A M R G P P P D Q W Y T L 
TTGCGACGTA AGTTTATTTT TAGAAGTTTA AAGTATACTA AACGTTTAAT CCGAAATCTG 
L R R K F I F R S L K Y T K R L I R N L -· 
CTTGACTATT AATACCGTCT TGATTGAAGG GTTCCGTGAT TCACAGTTAT GTTTTGAACT 
L D Y 
2161 ATCGACACGT GTCAAGGTCT AATCAGCAGA TGTC 
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4.3.4.1 Identification of ORFs, UTRs and IR 
The sequence of FDV S7 was analyzed for ORFs defined by an initiation codon 
(ATG) and a termination codon (TAG, TGA or TAA). Two non-overlapping 
ORFs were identified (Fig. 4.6). ORF I comprised 1095 nt (nt 42 - 1136) and 
potentially encoded a protein of 41.7 kDa, while ORF II comprised 924 nt (nt 
1189 - 211 0) and potentially encoded a protein of 36.7 kDa. 
The 5' UTR of FDV S7 comprised 41 nt and contained the nine nt 5' fijivirus 
conserved sequence, AAG I I I I I I. TheIR between ORF I and II comprised 52 
nt. The 3' UTR of FDV S7 comprised 82 nt and contained the four nt 3' fijivirus 
conserved sequence, TGTC. A diagrammatic representation of the genome 
organization of S7 is shown in Fig. 4.7. 
4.3.4.2 Protein analysis 
The 2 major proteins encoded by FDV S7 (PI and Pll) were analyzed by a 
variety of computer programs in an effort to determine their function. 
4.3.4.2.1 FDV 57 PI 
The first major ORF of FDV S7 potentially encoded a protein (S7 PI) of 364 
amino acids (Fig. 4.6). S7 PI had a Mr of 42 kDa, an isoelectric point of 7.9 and 
comprised 37.36% non-polar, 36.67% polar, 10.17% acidic and 11.81% basic 
residues. Data relating to the secondary structure of PI was generated using 
GCG computer programs and a computer generated, two dimensional 
secondary structure prediction of the protein was prepared (Fig. 4.8). A large 
region of 35 hydrophilic residues was identified at the N-terminus, while a 
smaller region of 30 hydrophilic residues was identified from amino acids 251 -
280 (Fig. 4.8). Both regions exhibited a high surface probability and antigenic 
index (Fig. 4.9). S7 PI was also analyzed for possible conserved protein 
signatures using the Prosite database and motif program. Amino ~cids 23 - 26, 
and 293 - 296 were identified as possible glycosylation sites (Fig. 4.9), but no 
motifs were identified which indicated a possible function for FDV S7 Pl. 
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Figure 4.7. Diagrammatic representation of the genome organization of FDV S7. 
HOOC 
Major hydrophilic ~ 
domain 
Figure 4.8. Two dimensional secondary structure predictions for the amino acid 
sequence of 87 Pl. Hydrophobic and hydrophilic residues >1.3 are indicated 
on the structure by () and Q, respectively. The region corresponding to the 
major hydrophillic domain is indicated. 
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Figure 4.9. Structural predictions for the amino acid sequence of S? PI as displayed 
by the GCG program PlotStructure. The region corresponding to the major hydrophilic 
domain is indicated. 
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4.3.4.2.2 FDV 57 Pll 
The second major ORF of FDV S7 potentially encoded a protein (S7 Pll) of 307 
amino acids (Fig. 4.6). This protein had a Mr of 37 kDa, an isoelectric point of 
4.7 and comprised 43.3% non-polar, 27.7% polar, 16% acidic and 13% basic 
residues. When analyzed by GCG for secondary structure and structural 
predictions, amino acids 1-8 and 260-280 were identified as being very 
hydrophilic (Fig. 4.1 0). These regions also exhibited a high surface probability 
and antigenic index (Fig. 4.11 ). 
FDV S7 Pll was also analyzed for possible conserved protein signatures using 
the Prosite database. Amino acids 56-62 and 178-184 were identified as 
possible glycosylation sites (Fig. 4.11 ). FDV S7 Pll also contained 4 motifs 
characteristic of a GTP binding protein; a group of 4 hydrophobic residues 
followed by three motifs, GXnGK(SfT), DXnT and DL (Fig. 4.12). This was 
supported by predictions relating to the secondary structure of Pll proposed 
using GCG. The GXnGK(Sff) motif was located in a flexible loop between a 
~-strand and a-helix (Fig. 4.11 ). 
Hydrophobic 
block GXnGKS/T DXnT DL 
FDV S7 PII 186AGSLMFP GLNLIGKKSLLDMFNNYNVIEYL DHYFPT SKYDSDEYLKFIRF DL237 
Figure 4.12. Motifs (shaded) characteristic of a GTP binding protein identified 
in the amino acid sequence of FDV Pll using the Prosite motif database. Amino 
acids are conservative and numbers are indicated above the sequence. 
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Figure 4.1 0. Two dimensional secondary structure predictions for the amino acid 
sequence of S7 Pll. Hydrophobic and hydrophilic residues >1.3 are indicated 
on the structure by () and Q , respectively. The region corresponding to the 
flexible loop is indicated. 
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Figure 4.11. Structural predictions for the amino acid sequence of 87 PII as displayed 
by the GCG program PlotStructure. The region corresponding to the flexible loop 
is indicated. 
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4.3.4.3 Database analysis 
The complete sequence of FDV 87 was compared to entries in the Genbank 
non-redundant database using the default settings of FASTA and BLASTN for 
the nucleotide sequence, and FAST A and BLASTX for the amino acid sequence. 
4.3.4.3.1 Nucleotide level 
Two entries, RBSDV 87 and MRDV 86, were identified that had significant 
homology to FDV 87 at the nucleotide level at 57.4% and 57.3%, respectively. 
The 5' UTR, IR and 3' UTR sequences of FDV 87 were compared to those of 
MRDV 86 and RBSDV 87 (Fig. 4.13, 4.14 and 4.15). The size of the FDV 5' UTR 
(41 nt) was identical to that of MRDV 86 and RBSDV 87 and shared 75.6% 
homology with both sequences. Both the IR and 3'UTR of FDV 87 were 1 nt 
longer than those of MRDV 86 and RBSDV 87 and showed 75.6% and 63.4% 
homology to those of both MRDV 86 and RBSDV 87, respectively. 
FDV 
MRDV 
RBSDV 
5 'AAG~-GACCTGTC-GTAGCAGAACATACCTACCGAAC 
5
'AAGTTTTTTTCGACCTGTCTGGACCAGTACAAATAAA--GAAC 
5
'AAGTTTTTTTCGACCTGTCTGGACCAGTACATA-AAA--GAAC 
Figure 4.13. Comparison of the 5' UTRs of FDV 87, MRDV 86 and RBSDV 87. 
Shading indicates 100% homology over all viral segments. The nine nt 5' 
fijivirus conserved sequence is in italics. Dashes indicate a nucleotide gap. 
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FDV 
MRDV 
RBSDV 
5
'ATTAAAAACATTTATCAGTAAATACTTTGTTAAA-TACA-CAAA-T-TGTTTATCA3 ' 
5
'TTTTATCTTATCCCACTTITATCCGTAA--------TTAAA-TTTT-CAAATTGTGTTT-TAA3 ' 
5 ' 3' TCTTGTTTTTTTCTACTTITATCCGTAA----- - --TTAAAATTT--CAAAATTTGTTT-TAA 
Figure 4.14. Comparison of the IRs of FDV S7, MRDV S6 and RBSDV S7. Sequence conserved amongst all three virus segments is 
shaded. Dashes indicate a nucleotide gap. 
-0 Vl 
FDV 5 'TACCGTCTTGATTGAAGGGTTCCGTGATTCAC--AGTTATGTTTTGAACTATC-GACACGTGTCAAGGTCTAA-T-CAGCAGATGTd' 
MRDV 5 'TGTCTCGTCGGGGTGGTCTT-TCATGCTCTTA-TTGTAGGTGGAA-TCTCAGACATGTGTCAAGGTCGAAATGCAGCTGATGTd' 
RBDSV 5 'TGTCTCGTCGGGGTGGTCTT-TCATGTCCTTA-TTGTAGGTGGAA-TCTCAGACATGTGTCAAGGTCGAAATGCAGCTGATGTd' 
Figure 4.15. Comparison of the 3' UTRs of FDV 87, MRDV 86 and RBSDV 87. Shading indicates 100% homology over all viral 
segments. The four nt 3' fijivirus conserved sequence is in italics. Dashes indicate a nucleotide gap. 
4.3.4.3.2 Amino acid level 
The complete sequence of FDV S7 was translated in all six frames using the 
default setting of FAST A frames and BLASTX and compared to the Swiss Prot, 
PIR and translated Genbank databases. Two translated regions of FDV S7, 
corresponding to ORF I and ORF II, were similar to 2 and 13 database entries, 
respectively. The protein encoded by ORF I had most similarity to RBSDV S7 
ORF I and MRDV S6 ORF I and to a lesser extent with the ORF I product of 
NLRV (Table 4.3). 
Table 4.3. Proteins identified by FASTA and BLASTX on the Swiss Prot, PIR 
and translated Genbank databases as being similar to the putative FDV S7 Pl. 
;J,« *~ .~ ~ ~-~.,tfL~•·~··¥., 12'' '~4fk'"lil , ftY·'t: ,.,FD\fSZ~ORETJI 
'3 ~~ 08~'" ~;::f{i~;~rt'~$·:~$r?~.~'rit~.;,e~, ~ \ ::~;9 1H~~:~~k•~ ~~";;~ 0~ ~~ 
~-;a ·~ •• ~ ~ o' •• • B;i;r.j,r~" ~· ·~·~{SJZe of,homologous~reglon)t~~ 
MRDV S6 ORF I 55% (340 aa) 
RBSDV S7 ORF I 55% (347 aa) 
NLRV S10 ORF 25% (172 aa) I 
...) 
FDV S7 Pll was similar to the translated products of RBSDV S7 ORF II and 
MRDV S6 ORF II, and also to 11 proteins identified as GTP binding proteins in 
mice, hamsters, yeast, plants, and a nematode (Table 4.4). All 13 translated 
sequences were examined for the presence of GTP binding protein motifs 
(4.3.4.3) and all proteins contained the 4 motifs in their amino acid sequences 
with the exception of MRDV S6 ORF II and RBSDV S7 ORF II which contained 
only 3 of the 4 motifs (Fig. 4.16). 
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Table 4.4. Proteins identified by FASTA and BLASTX on the Swiss Prot, PIR 
and translated Genbank databases as being similar to the putative FDV S7 PI I. 
MRDVS6 ORF II 40% (84 aa) 
RBSDV 87 ORF II 39% (84 aa) 
Sar1 homologue GTP binding protein NTGB3- common 34% (49 aa) 
tobacco 
GTP binding protein Nicotiana plumbaginifolia 34% (49 aa) 
Sar 1 g protein NTGB2 -common 34 (49 aa) 
tobacco 
Sar 1 Yeast GTP binding protein (Saccharomyces cerevisiae) 37% (51 aa) 
Sar 2 Lyces GTP binding protein -tomato 34% (49 aa) 
fl"'r\Jn£>rC>I/"'f'n esculentum 
33% (51 aa) 
34% (49 aa) 
34% (49 aa) 
ing protein (Sus scrota) 32% aa) 
SARA_mouse GTP binding protein (Mus musculus) 32% (52 aa) 
Sar1b promotmg vesicle budding the endoplasmic 32 (52 aa) 
inese hamsters, CHO cell line 
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...... 
0 
00 
Hydrophobic 
block G>ttGKT/S DXnT DL 
FDV S7 PII 1 86 AGS LMFP GLNLIGKKS LLDMFNNYNVIEYL DHYFPT SKYDSDEYLKFIRF DL237 
RBSDV S7 PII 196 SDS LFCP GISVIGKLS MIPIVTIHSIPEYL DHWFRT DDFSSDNFLSFIRF GE2'7 
MRDV S6 PII 1 96 GDS LLYP GINVIGKLS MVPMFTVHSIPAYL DHWFRT DDFQRCKFLSFIRF GE247 
NT GB3 GTP 23 ILFL GLDNAGKTT LLHMLKDERLVQHQ PTQYPT SEELSIGKIKFKAF DL71 
YEAST GTP 24 GK LLFL GLDNAGKTT LLHMLKNDRLATLQ PTWHPT SEELAIGNIKFTTF DL74 
TOMATO GTP 23 ILFL GLDNAGKTT LLHMLKDERLVQHQ PTQYPT SEELSIGNIKFKAF DL71 
C. ELEGANS 22 GK LVF"'B GLDNAGKTT LLHMLKDDRIAQHV PTLHPT SEQMSLGGISFTTY DL71 
A. THALIANA GTP 23 ILFL GLDNAGKTT LLHMLKDERLVQHQ PTQHPT SEELSIGKIKFKAF DL71 
B. RAPA GTP 23 ILFL GLDNAGKTT LLHMLKDERLVQHQ PTQHPT SEELSIGKIKFKAF DL71 
S. SCROFA GTP 25 SGK LVFL GLDNAGKTT LLHMLKDDRLGQHV PTLHPT SEELTIAGMTFTTF DL76 
MOUSE GTP 25 SGK LVFL GLDNAGKTT LLQMLKDDRLGQHV PTLHPT SEELTIAGMTFTTF DL76 
Sar lb 25 SGK LVFL GLDNAGKTT LLQMLKDDRLGQHV PTLHPT SEELTIAGMTFTTF DL76 
Figure 4.16. Aligned amino acid sequences of proteins identified on databases as being similar to FDV S7 Pll . Motifs 
characteristic of GTP binding proteins are shaded. Amino acids are consecutive and numbers are indicated above each 
sequence. 
4.3.4.3.3 Codon usage 
The codon usage of ORFs I and II was determined using the 181 sequence 
analysis program. Both ORFs exhibited distinctive biases for specific codons 
(Table 4.5). The frequency of the third redundant base of each codon was also 
determined (Table 4.6). All amino acids of both PI and PI I, with the exception of 
methionine and tryptophane, which had only one codon usage, displayed a 
bias for an A or T, versus a Cor G, of 71% and 83%, respectively. 
Table 4.5. Codon frequency for putative FDV S7 translation products 
10 23 5 14 20 
3 7 5 15 10 
CTC Leu 1 2 4 
CTA Leu 8 19 4 11 15 
CTG Leu 0 1 2 1 
TCT Ser 10 23 3 15 21 
TCC Ser 2 5 6 
TCA Ser 14 32 6 30 31 
TCG Ser 5 11 1 5 9 
AGT Ser 4 9 8 40 19 
AGC Ser 9 20 14 
TAT 23 66 13 72 
TAC 12 34 2 13 28 
TAA End 1 100 1 100 100 
TAG End 0 0 0 
End 0 0 0 
TGTC 3 75 2 100 83 
TGC 1 25 0 17 
TGG 2 100 5 100 100 
6 50 11 65 
CCC Pro 1 8 0 4 
CCA Pro 5 42 2 14 27 
CCG Pro 0 1 7 4 
CAT His 5 100 7 100 ·~00 
CAC His 0 0 0 
CAA Gin 6 75 12 92 86 
CAG Gin 2 25 1 8 14 
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CGT Arg 5 33 6 37.5 35 
CGC Arg - 0 - 0 0 
CGAArg 2 13 1 6 10 
CGG Arg - 0 - 0 0 
AGA Arg 7 47 9 56.5 52 
AGG Arg 1 7 - 0 3 
ATT!Ie 15 55 13 68 61 
ATC lie 8 30 1 6 20 
ATAlie 4 15 5 26 19 
ATG Met 15 100 8 100 100 
ACTThr 6 33 6 60 43 
ACC Thr - 0 - 0 0 
ACA Thr 8 45 4 40 43 
ACG Thr 4 22 - 0 14 
AATAsn 18 82 15 88 .~85 
AAC Asn 4 18 2 12 15 
AAA Lys 13 56 9 53 55 
AAG Lys 10 44 8 47 45 
GTTVal 7 44 .. 9 60 .:; 52 
GTC Val 2 12 1 7 10 
GTAVal 7 44 5 33 38 
GTG Val - 0 - 0 0 
GCT Ala 6 46 6 60 52 
GCC Ala 1 8 2 20 13 
GCAAia 4 31 1 10 22 
GCG Ala 2 15 1 10 13 
GAT Asp 16 67 21 91 ]9 
GAC Asp 8 33 2 9 21 
GAAGiu 11 78 21 81 .82 
GAG Glu 3 22 5 19 18 
GGT Gly 10 56 4 50 54 
GGC Gly 1 6 3 37 15 
GGA Gly 7 38 1 11 21 
GGG Gly - 0 - 0 0 
1 total number of individual amino acids 
P percentage total number of individual amino acids 
Codons exhibiting a distinctive bias for each translation product are 
shaded. 
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Table 4.6. The frequency(%) of an A or Tin the third codon position of FDV S7 
ORFs I and II. 
Phe 62.5 100 
Leu 75 79 
Ser 64 85 
Tyr 66 87 
Cys 75 100 
Trp* 0 0 
Pro 92 93 
His 100 100 
Gin 75 92 
Arg 93 94 
lie 70 94 
Met* 0 0 
Thr 78 100 
Asn 82 88 
Lys 56 53 
Val 88 93 
Ala 77 70 
Asp 67 91 
Glu 78 81 
Gly 94 61 
*Tryptophane and methionine each only have a single codon usage. 
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4.3.5 RNA secondary structure 
The secondary structure of FDV S7 was predicted using mfold (mfold seNer, 
NIH) with a minimum free energy of -400 kcal/mol (Fig. 4.17). An incomplete 
inverted repeat was identified incorporating nucleotides 3 -15 and 217 4 - 2186 
(Fig. 4.18) with the initial two nucleotides and the last seven nucleotides not 
forming any secondary structure. The start codon of ORF I was located in an 
inverted repeat but was in a region of less RNA secondary structure than the 
stop codon (Fig. 4.19). The stop codon, IR and start codon of ORF II were 
surrounded by numerous stem-loop structures (Fig. 4.20). The stop codon of 
ORF II was also part of an incomplete inverted repeat and was preceded by 
numerous similar sized structures (Fig. 4.21). 
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Figure 4.17. Predicted RNA secondary structure of FDV 87 using mfold with a 
minimum free energy of -400 kcal/mol. Boxed areas indicate regions of interest 
and have been enlarged in subsequent figures. 
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Figure 4.18. Incomplete inverted repeat incorporating the 5' and 3' ends 
of FDV S7. 
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Figure 4.19. Predicted RNA secondary structure associated with the start 
codon (nt 42- 45) of FDV S7 ORF I. 
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Figure 4.20. Predicted RNA secondary structure of the IR of FDV S7 
(nt 1137- 1187). The stop codon of ORF I (nt 1188- 1191) and the start 
codon of ORF II (nt 1134 - 1136) are indicated. 
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Figure 4.21. Predicted RNA secondary structure associated with the stop 
codon (nt 2110- 2112) of FDV S7 ORF II. 
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4.3.6 Expression and characterization of recombinant FDV 57 proteins 
To determine the function of the proteins encoded by the 2 ORFs of 87, each 
was expressed in E. coli as a fusion protein with MBP using the pMAL-c2 
expression vector. 
4.3.6.1 FDV 57 ORF I polypeptide 
The entire ORF I of S7 was amplified using primers orf1fdv.pst and 
orf1fdv.bam. A product of approximately 1200 nt was amplified and cloned into 
pGEM-T. Three clones, T1-1, T1-2, T1-3, contained inserts of the expected size 
and the integrity of the inserts from all three clones was confirmed by 
sequencing. The expression of the fusion protein from each clone was then 
optimized. Initially, each clone was cultured to ascertain the effect of glucose 
concentration on the expression of the fusion protein. The fusion proteins of all 
three clones were induced in the presence of 0%, 0.1% and 1.0% glucose. 
Fusion proteins expressed under each glucose concentration were purified and 
analyzed by PAGE. For all clones, the expected size fusion protein appeared to 
be expressed in higher concentrations in the absence of additional glucose and 
these conditions were used in all subsequent expression studies. One clone, 
pMAL T1-3, appeared to express the most fusion product and was used for the 
expression of FDV S7 Pl. Upon induction, T1-3 expressed high level of a 80 
kDa protein which was not found in a similarly induced E. coli culture containing 
the native pMAL-c2 vector or uninduced E. coli culture (Fig. 4.22). The size of 
the fusion protein was consistent with the predicted Mr of the MBP-PI fusion 
protein (MBP = 40 kDa and PI= 42 kDa). 
The fusion product was purified by amylose affinity column chromatography 
and was digested with factor Xa to cleave the recombinant protein Pl. When the 
digested product was analyzed by SDS-PAGE, one major band of 
approximately 40 kDa was obseNed corresponding to the similarly sized MBP 
and FDV S7 PI (Fig. 4.23). In Western blot analysis, anti-MBP antibodies 
reacted with both the undigested 80 kDa band and the digested 40 kDa band, 
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kDa band was the MBP-ORF I fusion protein and that the 40 kDa band contained 
MBP. 
kDa MW 1 2 3 4 
104-
82-
--+ 
48-
28-
19-
Figure 4.22. Effect of glucose concentration on the expression of MBP-FDV S7 
PI fusion protein in E. coli. Fusion proteins from cultures containing pMAL T1-3 
induced and grown in the presence of 0% (lane 1 ), 0.1% (lane 2), 1% (lane 3) 
additional glucose and uninduced and grown in the presence of 0% glucose 
(lane 4) were electrophoresed in a polyacrylamide gel and stained with 
Coomassie blue. MBP-FDV S7 PI fusion protein is arrowed. MW markers are 
indicated on the left. 
4.3.6.2Analysis of FDV 57 PI 
To further study the gene product of FDV ORF I, antibodies were raised against 
the entire fusion protein in a rabbit. It was not possible to use factor Xa cleaved 
and purified FDV S? PI as antigen due to the inability to separate the similarly 
sized MBP and FDV S7 PI by PAGE following factor Xa cleavage. 
The specificity of the antiserum (bleed 5, titre 1 :500) was evaluated by Western 
blot analysis using the fusion protein, crude healthy and FDV- infected 
sugarcane extracts and partially purified FDV particles. The antibodies reacted 
specifically with the 40 kDa band from the factor Xa cleaved fusion protein and to 
a similar sized protein present in crude FDV-infected sugarcane extracts and 
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partially purified FDV particles (Fig. 4.24 ). No reaction to the healthy sugarcane 
extract was observed. Western blot analysis of the cleaved fusion protein and 
crude extracts from healthy and FDV-infected sugarcane was also done using 
polyclonal antibodies produced against FDV particles. The antibodies reacted 
specifically with the 40 kDa band from the factor Xa cleaved fusion protein and to 
a 40 kDa band present in crude FDV-infected sugarcane extracts and partially 
purified virus particles (Fig. 4.25). No reaction to healthy sugarcane extracts was 
observed. 
kDa MW 1 2 
104-82 - ...___ Fusion protein 
48-
33-
28-
19-
...___ Factor Xa-cleaved product 
Figure 4.23. Production and purification of the pMAL T1-3 fusion protein. The 
products were electrophoresed in a polyacrylamide gel and stained with 
Coomassie blue. Lane 1. Purified fusion protein; Lane 2. Factor Xa-cleaved 
fusion protein. MW markers are indicated on the left. 
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kDa 1 2 3 4 5 
82-
48- + 
33-
28-
Figure 4.24. Western blot analysis using antiserum to MBP-FDV S? Pl. Lane 1. 
Purified fusion protein, Lane 2. Factor Xa-cleaved fusion protein, Lane 3. Healthy 
sugarcane extract, Lane 4. FDV-infected sugarcane extract and Lane 5. Partially 
purified FDV. MW markers are indicated on the left. The major 40 kDa band is 
arrowed. 
kDa MW 1 2 3 kDa MW 
82- 48-
48-
33-
33- 28-
28-
19- 19-
(a) (b) 
Figure 4.25. Western blot analysis of (a) crude extract from diseased sugarcane 
(lane 1 ), healthy sugarcane (lane 2), purified S? PI (lane 3) and (b) partially 
purified FDV particles, using polyclonal antiserum against FDV. MW markers are 
indicated on the left. The major 40 kDa band is arrowed. 
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4.3.6.3 FDV 57 ORF II polypeptide 
The entire ORF II of S7 was amplified using primers orf2fdv.pst and 
orf2fdv.bam. A product of approximately 1 kbp was amplified and cloned into 
pGEM-T. Ten clones contained inserts of the expected size and the integrity of 
the inserts from three clones was confirmed by sequencing. One clone, pMAL 
14, was selected for expression. Upon induction, pMAL 14 expressed high 
levels of a 80 kDa protein which was not found in a similarly induced E. coli 
culture containing the native pMAL-c2 vector. The size of the fusion protein was 
consistent with the predicted Mr of the MBP-PII fusion protein (MBP = 40 kDa 
and Pll = 38 kDa) (Fig. 4.26). 
The fusion product was purified by amylose affinity column chromatography 
and was digested with factor Xa to cleave the recombinant protein Pll. When 
the digested product was analyzed by SDS-PAGE, one major band of 
approximately 40 kDa was obseNed (Fig. 4.26). In Western analysis, anti MBP 
antibodies reacted with both the undigested 80 kDa protein and the digested 40 
kDa band, confirming that the 80 kDa band was the MBP-PII fusion protein and 
that the 40 kDa band contained MBP. 
4.3.6.4 Analysis of FDV 57 Pll 
To further study the gene product of FDV ORF II, antibodies were raised 
against the entire fusion protein in a rabbit. It was not possible to use factor Xa 
cleaved and purified FDV 87 Pll as antigen due to the inability to separate the 
MBP and FDV S7 PII by PAGE following factor Xa cleavage. 
The specificity of the antiserum was evaluated by Western blot analysis using 
the fusion protein, crude healthy and FDV-infected sugarcane extracts and 
partially purified FDV particles. The antibodies reacted strongly with the 40 kDa 
band from the factor Xa cleaved fusion protein, but also reacted w~th numerous 
proteins in the crude healthy and FDV-infected sugarcane extracts and partially 
purified FDV particles. In attempt to increase the specificity of the antibodies, 
the antiserum was cross absorbed with a healthy sugarcane extract. This 
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factor Xa cleaved fusion protein, but no reaction was detected to healthy or 
infected sugarcane extracts or partially purified FDV particles (Fig. 4.27). 
Western blot analysis of the cleaved fusion protein and crude extracts from 
healthy and FDV-infected sugarcane was again done using polyclonal antibodies 
produced against FDV particles with the same result as previously described 
(4.3.6.3). 
kDa 
104-
82-
48 -
33 -
28-
19 -
MW 1 2 
...-- Fusion protein 
- ...--Factor Xa cleaved product 
Figure 4.26. Production and purification of the pMAL 14 fusion protein. The 
products were electrophoresed in a polyacrylamide gel and stained with 
Coomassie blue. Lane 1. Purified fusion protein, Lane 2. Factor Xa cleaved 
fusion protein. MW markers are indicated on the left. 
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Figure 4.27. Western blot analysis using cross-absorbed antiserum to MBP-FDV 
S7 Pll. Lane 1. Purified fusion protein, Lane 2. Factor Xa cleaved fusion protein, 
Lane 3. Healthy sugarcane extract, Lane 4. FDV-infected sugarcane extract, 
Lane 5. Partially purified FDV. MW markers are indicated on the left. 
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4.4 DISCUSSION 
In Chapter 4, two FDV S7 specific clones, A59 and 38, were identified by 
Northern hybridization. Sequence comparison revealed that they were 
dissimilar and represented approximately 50% of the FDV S7 genome 
(approximately 2200 bp). To obtain the remaining FDV S7 sequence, an 
attempt was made to map the location of these clones to the FDV S7 genome 
by sequence comparisons with other Fijiviruses. Using this approach, the 
FDV S7 sequences were found to have significant homology (approximately 
60%) to MRDV S6 and RBSDV S7. MRDV and RBSDV are both classified in 
the same genus as FDV and share similarities in morphology, insect vector 
and number and size of dsRNA genome segments. It was therefore 
postulated that FDV would have a similar genome organization to these 
viruses. Subsequently, the sequence of RBSDV S7 was used as a reference 
map for FDV S7. 
To obtain the remainder of the FDV S7 sequence, the FDV eDNA library was 
screened using 5' end labelled FDV S7 as a probe. A further three FDV S7 
specific clones were identified and the sequences mapped to the genome of 
RBSDV S7. Analysis of the proposed FDV S7 genome map indicated that 
approximately 650 nucleotides of internal sequence of FDV S7, in addition to 
the 5' and 3' ends, were absent.' The intervening sequence and the 5' and 3' 
terminal sequences were then obtained by designing specific primers for use 
in reverse transcriptase-PCR and RACE, respectively. 
The complete sequence of FDV S7 comprised 2194 nucleotides with two non-
overlapping major ORFs, separated by a 52 nucleotides intergenic region. 
The 5' and 3' UTRs consisted of 41 and 82 nucleotides, respectively. The 
start codon of the both major ORFs contained the strong initiation sequence, 
ATGG (Kozak, 1989). The codon usage of both major ORF~ of FDV S7 
displayed a distinctive preference for specific codons. This preference was 
more marked when the preference for the third nucleotide in each codon was 
examined. With the exception of methionine and tryptophane, both of which 
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had only a single codon usage, all amino acids displayed a preference for an 
AorTas the third nucleotide in each codon. Oliver eta/ (1990) reported that 
the nuclear genes of monocot plants displayed a preference for G or C in 
degenerate codons and was higher than similar genes in dicot plants. Suzuki 
et a/ (1990) reported that RDV and WTV had a base composition and codon 
usage similar to their monocotyledonous host plants. They suggested that 
during the course of evolution the base composition and codon usage of 
these viruses may have adjusted according to the characteristics prevailing in 
their host plants. This was despite both RDV and WTV being RNA viruses 
and, as such, being restricted to the cell cytoplasm, but reflects changes 
undergone in plastid genes which, like RNA viruses are also non-nuclear 
encoded genes and have adjusted their base composition and codon usage 
to that of the nuclear genes. NLRV, an insect-infecting reovirus, also exhibits 
an Aff bias in the codon degeneracy. Further insects also generally exhibit an 
Aff bias in their codon usage. It is possible, therefore, that FDV has only 
been a recent pathogen of sugarcane, reflecting the base composition and 
codon usage seen in insects and insect infecting reoviruses such as NLRV. 
Comparison of the translated FDV S? sequence with those available in the 
databases revealed significant homology with the major ORFs of both MRDV 
S6 (55%) and RBSDV S7 (55%), as well as that of NLRV S1 0 (25%). MRDV 
and RBSDV, like FDV, are members of the same genus, whereas NLRV is an 
insect infecting reovirus but is believed to be closely related to plant 
reoviruses. Pearson (1990) reported that sequences sharing greater than 
20% homology over the length of the sequence almost always shared a 
common ancestor. 
Sequence analysis of the 5' and 3' UTRs of FDV S7 revealed both were 
similar to those of RBSDV S7 and MRDV S6 with respect tq length and 
sequence. The terminal sequences, thought to act as packaging recognition 
signals for viral and not host RNA (see Chapter 9), contained the 5' and 3' 
conserved genus specific sequences, 5'AAGUUUUUU .... UGUC3·, identified by 
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Marzachi et a/. (1991 ). Analysis of the secondary structure of the FDV S7 
RNA revealed that, like other reoviruses, the 5' and 3' terminal sequences 
formed an incomplete inverted repeat. These structures are thought to be 
involved in the packaging of the individual segments within the virion (Anzola 
et a/., 1987). Using different free energies, the secondary structure of the 
RNA could be varied, although, the basic terminal repeat structure remained 
constant. Apart from segment identification and packaging, there have been 
no conclusive reports as to the function of the inverted repeat. Dall et a/. 
(1990) suggested that only the terminal repeat structure was essential for 
segment packaging. They substituted the ORFs of WTV with synthetic WTV 
defective interfering RNA and retained correct assembly of the virion 
incorporating the defective dsRNA. It is possible that the secondary structure 
plays a role in the translation and/or replication of RNA The secondary 
structure appears to be more complex toward the 3' end of the ORF, perhaps 
assisting in the termination of translation. The apparent greater difficulty found 
in synthesizing the 3' end of this segment as opposed to the 5' end by RACE, 
in part confirms this theory. 
To determine the function of the proteins encoded by the two ORFs of FDV 
S7, each was expressed in E.coli as a fusion protein with MBP. FDV S7 ORF 
I was shown to encode an immunogenic structural protein (S7 PI) of 42 kDa. 
In Western blot analysis, S7 PI was recognized by polyclonal antibodies 
prepared against FDV, while antibodies raised against the MBP-FDV 87 PI 
fusion protein reacted strongly with a 40 kDa protein present in both crude 
FDV-infected sugarcane extracts and purified FDV. Van der Lubbe et a/. 
(1979) identified three structural proteins (145- 150 kDa, 125- 129 kDa and 
36 - 39 kDa) associated with FDV sub-viral particles which do not possess an 
outer capsid or A-spike. Since protein analyses on intact FDV preparations 
have not been done, it is unclear whether the 42 kDa protein enc9ded by FDV 
S7 ORF I represents the 36 - 39 kDa protein associated with FDV SVPs (Van 
der Lubbe, 1979) or a protein associated with the outer capsid or A-spike. 
However, the overall hydrophilic nature of the protein, in particular the 
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presence of 35 hydrophilic residues at the N-terminus and a smaller region of 
30 hydrophilic residues within FDV S7 PI, which exhibits a high surface 
probability and antigenic index, indicates that this protein is most likely 
associated with the outer capsid or A-spike. However, no motifs were 
identified in the amino acid sequence of S7 PI indicating any function 
associated with the protein. 
It is highly likely that S7 PI is a structural protein and is one of two major 
translation products of FDV S7 as: (i) the full amino acid sequence of PI is 
similar to those of MRDV S6 PI and RBSDV S7 PI; (ii) S7 PI was recognized 
by polyclonal antibodies raised against FDV and antibodies raised against the 
S7 PI fusion protein reacted strongly with a 40 kDa protein present in FDV 
extracts (Fig. 4.24); and (iii) the amino acid sequence of S7 PI was 
hydrophilic. It is still important, however, that the serum prepared against S7 
PI be used in immunogold labelling with intact and denatured FDV particles in 
an attempt to determine the exact location of this protein. 
FDV S7 Pll was shown to encode a putative immunogenic non-structural 
protein, S7 Pll, of 37 kDa. In Western blot analysis, S7 Pll was not 
recognized by polyclonal antibodies prepared against FDV and antibodies 
raised against the MBP-FDV S7 Pll fusion protein did not react with a 37 kDa 
band in either crude FDV-infected sugarcane extracts or purified FDV. It is 
possible, however, that FDV S7 Pll was not present in sufficient quantities to 
be detected by Western blot analysis. Moreover, the epitopes on S7 Pll may 
not have been recognized by the MBP S7 Pll antisera under the denaturing 
conditions used for Western blot analysis. The non-structural nature of FDV 
S7 Pll is further supported by the presence of four GTP binding motifs in the 
amino acid sequence of the protein. These four motifs have been found in 
GTP binding proteins over a broad range of organisms incl_uding yeast, 
mammals and plants. In combination, these four motifs form a flexible loop, 
referred to as a P-loop (Saraste et a!., 1990), at the centre of which is the 
GTP binding motif which interacts with phosphate groups of GTP or GOP. 
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These four motifs were also found in the amino acid sequences of MRDV S6 
Pll, RBSDV S7 Pll and a number of proteins belonging to a range of diverse 
organisms including tomato, yeast and mice. Further, the location of the 
motifs relative to each other was identical in all of the sequences. 
It is highly likely that S7 Pll is a non-structural protein and is the second of 
two major translation products of FDV S7 as (i) the full amino acid sequence 
of PI is similar to those of MRDV S6 PI and RBSDV S7 PI; (ii) the sequence 
and location of the GTP binding motifs are unique; (iii) the motif sequences 
and location are identical to those found in two other closely related 
Fijiviruses and a broad range of organisms; (iv) S7 Pll was not recognized by 
polyclonal antibodies raised against FDV; and (v) antibodies raised against 
the S7 Pll fusion protein did not react with any proteins found only in FDV 
extracts (Fig. 4.27). It is still necessary to confirm this, however, by preparing 
serum against S7 Pll for use in immunogold labelling with intact and 
denatured FDV particles. Further, the proposed GTP binding activity of the 
translation product still needs to be confirmed in vitro. 
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CHAPTER 5 
CHARACTERIZATION OF FDV SEGMENT 8 
5.1 INTRODUCTION 
Based on electrophoretic mobility in polyacrylamide gels, FDV 88 is 
approximately 2 kbp which is similar in size to the genome of MRDV 87 and 
RB8DV 88. The genome of these two viruses both contain a single large 
ORF which encodes a protein of unknown function. 
Based on size, and the results from Chapter 4, it was hypothesized that FDV 
88 may have a similar genome organization to MRDV 87 and RB8DV 88. 
This chapter describes the cloning, sequencing and analysis of FDV 88 and 
characterization of the putative gene product. 
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5.2 MATERIALS AND METHODS 
The materials and methods used in this chapter were those described in 
previous chapters. 
5.3 RESULTS 
The results in the chapter describe the sequencing and analysis of FDV S8. 
The strategies for this work are represented by the flow diagram in Fig. 5.1. All clones 
used in this chapter are listed in Table 5.1. 
Screening for FDV 58 specific clones by Southern 
hybridization 
~ 
Sequencing of FDV 58 specific clones 
~ 
Comparison of FDV 58 sequences to databases 
~ 
Mapping of FDV 58 clones 
~ 
Synthesis and cloning of remainder of FDV 58 
~ 
Analysis of FDV 58 sequence 
Figure 5.1. Flow diagram outlining the strategy used to characterize FDV S8. 
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Table 5.1. Clones used in the sequencing of FDV 88. 
A24 516 
A25 
A26 344 
22 635 
A12r 
. gp 
gp2/1 
S8.5en/9 324 
s8.3en/2 
5.3.1 Identification of FDV 58 specific clones 
Preliminary analysis of the previously generated eDNA library by Northern blot 
hybridization (Chapter 3) did not reveal any clones which specifically 
hybridized to FDV 88. Therefore, Southern hybridization was used to rapidly 
screen the library for FDV S8 specific sequences. One hundred and forty 
eight clones were selected from the eDNA library, and their inserts excised 
and electrophoresed through agarose gels. The DNA was transferred to nylon 
membranes and probed with gel purified 5' end labelled FDV S8. The inserts 
from five clones, A 12r, A24, A25, A26 and 22, hybridized specifically to the 
FDV S8 probe (Fig. 5.2) and were further characterized. 
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bp 1 2 3 
344 --+ 
(a) 
bp 
635--+ 
+--516 
(b) 
bp 
256 --+ 
(c) 
Figure 5.2. Southern blot hybridization of FDV clones digested with Eco Rl 
and Pst I and probed with 5' end labelled FDV sa RNA (a) Lane 1. Clone 
A26, Lane 2. Clone A25, and Lane 3, Clone 24. (b) Clone 22. (c) Clone A12r. 
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5.3.2 Sequencing and preliminary analysis of S8 specific clones 
The inserts from clones A 12r, A24, A25, A26, and 22 were fully sequenced in 
both directions using the UFP and URP and found to comprise 256, 517, 344, 
344 and 635 bp, respectively. When the sequences were compared, those 
from clones A25 and A26 were identical. The initial 130 nt of clone A24 were 
identical to nt 218 - 344 of clone A25 and clone A26. Clones 22 and A 12r did 
not have homology with any other clones. These 5 clones potentially 
represented 1753 nt of the predicted 2100 nt of FDV S8. 
The sequences of all 5 FDV S8 specific clones were compared to the 
Genbank non-redundant database. Two entries, RBSDV S8 and MRDV S7, 
were found to have homology with the sequences of all 5 clones. The 
homology of these 5 clones to RBSDV S8 and MRDV S7 ranged from 56.8 -
63.1% and 57.4- 61.8%, respectively (Table 5.2). 
Table 5.2. The homology of FDV S8 specific clones to RBSDV S8 and MRDV 
S7. 
A24 57.6% (nt 250- 707) 57.4%(nt 462- 707) 
A25 63.1% (nt 16 -131) 61.8% (nt 16 -145) 
A26 63.1% (nt 16 -131) 61.8% (nt 16- 145) 
22 56.8% (nt 782- 1358) 57.4% (nt 742- 1368) 
A12r 61.1%(nt 1527 -1767) 60.9%(nt1 527- 1767) 
( ) Number in brackets indicates region of homology. 
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The sequences of the five clones were mapped to that of RBSDV sa (Fig. 
5.3). Further, the sequences of the clones were translated in all six frames 
and analyzed. The sequence of clones A24, A 12r and 22 contained a single 
continuous ORF while clones A25 and A26 contained a putative start codon 
and continuous ORF, but no stop codon. These analyses were consistent 
with the proposed map of FDV Sa based on homology with the sequence of 
RBSDV Sa. 
500 1000 1500 1927 (nt) 
RBSDVSS 
5' ---3' 
CloneA24 Clone 22 Clone A12r 
CloneA25 
CloneA26 
Figure 5.3. Mapping of the sequence of FDV Sa specific clones to the 
sequence of RBSDV Sa. 
5.3.3 Confirmation of specificity of 58 clones 
It was assumed that clones A24, A25, A26, 22 and A 12r were part of the 
same segment since the inserts from all clones (i) hybridized to FDV Sa by 
Southern blot analysis and (ii) contained sequences with homology to RBSDV 
sa and MRDV S7. To exclude the possibility that these clones contained 
multiple inserts with sequences from other FDV segments, FDV dsRNA was 
electrophoresed in PAG prior to transfer to nylon membrane. The membrane 
was then probed with the gel purified random pr~me labelled insert of clone 
22. The insert from clone 22 hybridized specifically to FDV Sa (Fig. 5.4 ). 
l35 
51 
52/3/4 
55 
56 
57 
58 _.,. 
59/10 
Figure 5.4. Northern blot hybridization of FDV dsRNA probed with the 
random prime labelled DNA insert of clone 22. FDV dsRNA segments are 
indicated on the left and segment 8 is arrowed. 
5.3.4 Generation of additional 58 specific clones 
5.3.4.1 Design of primers 
Using sequence information from FDV S8, a strategy was devised to 
synthesize and clone the remaining sequences of FDV S8 (Fig. 5.5). To 
obtain the two internal sequences, four primers were synthesized (Table 5.3). 
Primers gp1f and gp1 r were synthesized using the sequences of clones A24 
and 22. These primers were expected to amplify a product of approximately 
400 bp in a reverse transcriptase-PCR, being the predicted gap between both 
clones relative to RBSDV S8. Similarly, primers gp2f and gp2r were 
synthesized using the sequences of clones 22 and A 12r. These primers were 
also expected to amplify a product of approximately 400 bp in reverse 
transcriptase-PCR. 
The terminal sequences of FDV S8 were to be obtained using 3' RACE as 
previously described (4.3.3.1). Two primers, s8.5en and s8.3en, were 
synthesized from the sequences of clones A24 and A 12r. Based on the 
mapped location of these clones to RBSDV S8, products of approximately 
400 bp, corresponding to the 5' and 3' ends of FDV S8, were expected to be 
amplified. 
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500 1000 1500 1927 (nt) 
..~____ _ _.._L__ _ _ I I 
Proposed FDV S8 
5' 3' 
s8.5en gp1f gp1r gp2f gp2r s8.3en 
-----------------------.... <1(1--- ~--------------~ ---J)>~-----------------------<1(«---- ~-----------
Clone A24 Clone 22 Clone A12r 
CloneA14 
Clone A13 
Figure 5.5. Strategy for generating additional FDV 88 clones. Predicted products are indicated by dashed lines and primers are 
indicated by lines with arrows indicating the direction of extension. 
Table 5.3 Primers used in the cloning and sequencing of FDV 88. 
S8.5en 18 iCTCGTCGGGGTACCTATT 
S8.3en 18 i GCGTAGCTTATATTACTT 
gp1f 18 CGATTTAACTGCCACAGA 
gp1r 18 AGGTTGATTATCAAGCGC 
gp2f 18 AGTGACGATTATGGTAAG 
gp2r 18 AAGTAATATAAGCTACGC 
p 22 IAGAATTCTGCAGGATCCCGGGG 
G 22 CCCCGGGATCCTGCAGAATTCT 
5.3.4.2 Amplification and cloning of internal sequences 
Using primers gp1f and gp1 rand total FDV dsRNA as template, a product of 
approximately 300 bp was amplified by reverse transcriptase-PCR. This 
product was cloned into pGEM-T and the insert from one clone, gp1/1, was 
sequenced using the UFP and URP. The sequence of clone gp1/1 (247 bp) 
was compared to that of clones A24 and 22. Clone gp1/1 was identical to clone 
A24 from nt 418- 516 and included the sequence of primer gp1f. The initial145 
nt of clone 22 were identical to nt 104 - 247 of clone gp1/1 and included the 
sequence of primer gp1 r. When the sequence of gp1/1 was compared to that of 
RBSDV S8, 54.2% homology was identified between nt 657 - 828. 
Using primer gp2f and gp2r and total FDV dsRNA as template, a product of 
approximately 400 bp was amplified by reverse transcriptase-PCR. This 
product was cloned into pGEM-T and the insert from one clone, gp2/1, was 
sequenced using the UFP and URP. The sequence of clone gp2/1 (385 bp) 
was compared to those of clones 22 and A 12r. Clone gp2/1 was identical to 
clone 22 from nt 445 - 635 and included the sequence of primer gp2f. The initial 
43 nt of clone A 12r were identical to nt 342 - 385 of gp2/1 and included the 
!38 
sequence of primer gp2r. When the sequence was compared to that of RBSDV 
S8, 58.9% homology was identified between nt 1206- 1567. 
5.3.4.3 Amplification and cloning of the 5' end of FDV Sa 
RACE primer P was ligated to purified FDV dsRNA and eDNA was synthesized 
in a reverse transcriptase reaction using primer gp1 r. The eDNA was then used 
in a PCR with RACE primer G and primer s8.5en. The predicted product size of 
approximately 400 bp was amplified and cloned into pCRscript. The insert from 
one clone, s8.5en/9, was sequenced using primers URP and UFP and was 
found to comprise 324 bp. When the sequence was compared to that of clone 
A25, both sequences were identical with the exception of 16 nt corresponding 
to the 5' terminal sequence of S8. The cloned sequence was also compared to 
that of RBSDV SS and was found to be 63.8% homologous at the nucleotide 
level over a region of 131 nt comprising the 5' terminal sequence. 
5.3.4.4 Amplification and cloning of the 3' end of FDV Sa 
RACE primer P was ligated to purified FDV dsRNA and eDNA was synthesized 
in a reverse transcriptase reaction using primer gp2f. The eDNA was then used 
in a PCR with RACE primer G and primer s8.3en. The predicted product size of 
approximately 400 bp was amplified and cloned into pCRscript. The insert from 
one clone, s8.3en/2, was sequenced using primers URP and UFP and found to 
comprise 395 bp. When the sequence was compared to that of clone A12r, 
they were found to be identical with the exception of the last 180 nt 
corresponding to the 3' terminal sequence of 88. The cloned sequence was 
also compared to RBSDV S8 and was found to be 56.7% homologous at the 
nucleotide level over a region of 356 nt comprising the 3' terminal sequence. 
5.3.5 Genome organization of FDV sa 
Using the sequence information from FDV S8 clones S8.5en/~, A25, A24, 
gp1/1 ,22, gp2/1, A 12r and S8.3en/2, a contiguous sequence was generated 
which comprised 1959 nt (Fig. 5.6). 
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5.3.5.1 Identification of ORFs and UTRs 
The sequence of FDV S8 was analyzed for ORFs defined by an initiation 
codon (ATG) and a termination codon (TAG, TGA or TAA). One major ORF 
was identified from nt 25- 1809 (1784 nt) which potentially encoded a protein 
of 69 kDa (Fig. 5.6). 
The 5' UTR of FDV S8 comprised 24 nt and contained the nine nt 5' fijivirus 
conserved sequence, AAGTTTTTT. The 3' UTR of FDV S8 was 153 nt and 
contained the four nt 3' fijivirus conserved sequence, TGTC. A diagrammatic 
representation of the genome organization of FDV S8 is shown in Fig. 5.7. 
5.3.5.2 Protein analysis 
The major ORF of FDV S8 potentially encoded a protein (S8 PI) of 594 amino 
acids. S8 PI had a Mr of 69 kDa, an isoelectric point of 6.0 and comprised 
42.62% non-polar, 33% polar, 11.28% acidic and 12.46% basic residues. The 
amino acid sequence of S8 PI was analyzed for conserved protein signatures 
using Emotif and the Prosite database. Seven glycosylation sites from amino 
acids 33- 36, 142 -145, 309- 312, 421 - 424, 453- 456, 477- 480, and 499-
502 were identified (Fig. 5.9). A GXnGKT motif, characteristic of NTP binding 
proteins, was identified from aa 365-373 (Fig. 5.8). Two other motifs, 
[DE][FILMV][ILV][FILMV] ... [DE][ILV][ILMV ] and SDXYGXF, characteristic of 
members of the chaperone superfamily, were also identified (Fig. 5.8). 
The secondary structure of S8 PI was predicted using GCG and a computer 
generated two dimensional secondary structure of the protein was prepared 
(Fig. 5.1 0). The protein had a large number of hydrophilic domains and a 
correspondingly large number of antigenic regions (Fig. 5.9). Further, the 
chaperone and NTP binding motifs were located in a looped region on the 
predicted secondary structure protein (Fig. 5.1 0). This looped region had a 
high concentration of hydrophobic amino acids suggesting it was internal of 
the protein and possibly represented a binding domain. 
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1 AAGTTTTTTA AGCCTTTGTC TACCATGACT ACCGGAACAG ATGTACGGAT ATCATTGAGA 
M T T G T D V R I S L R 
61 CTTTTATTTT ACGAGCTATG GGATAATAAT GCAAAACTAA CCAAGAACAA AACAACTACC 
L L F Y E L W D N N A K L T K N K T T T 
121 CCTACAACAA GTAAAACAAC GTCTAAAATA CTCTTTAACT CTAAGCGCAC CACACCAACG 
P T T S K T T S K I L F N S K R T T P T 
181 CACGGCTATG ACGCGGATTA TATAGCAGAA CTGAGCAATA ATTTTGAATT TGCGGGATTT 
H G Y D A D Y I A E L S N N F E F A G F 
241 ACGGCTCCGA CGCCCCACAA CATTCGAAAA GCCTTTACTC GACTTAAGAT TATGTTTGAA 
T A P T P H N I R K A F T R L K I M F E 
3Q1 CGTATGAATA GGTACCCCGA CGAGATATTT TTATCAAGAC ATCGAATGTT AGGATTCGTA 
R M N R Y P D E I F L S R H R M L G F V 
361 ATATATCAAC CAGAAACTTC AGGP.CCAATA CCTGCCTTTC ATCCTAAGTG TAAGTTTTAC 
I Y Q P E T S G P I P A F H P K C K F Y 
421 AAACTTTCAG ATAATCACAC ACATGACGAG AAAATTGAGA TCGTTAAGAA TCACATCTTA 
K L S D N H T H D E K I E I V K N H I L 
481 AACGGTGAGA TAGTTAAAAC AGTAGATTTA AAGATAGATC AATCATTTGA ATCCTATTAT 
N G E I V K T V D L K I D Q S F E S Y Y 
541 TATGATAAGT CTAATGCTCA AGCAAGTCAG AAATTTTTAG CTTCGATGCA TACATGTGAT 
Y D K S N A Q A S Q K F L A S M X T C D 
601 TTCAGCTTTT TGTCTTTTCC ATATATTAAC GATTTAACTG CCACAGAGTT AGGTTTATTA 
F S F L S F P Y I N D L T A T E L G L L 
661 CCGGAATGGG CTGCAATTTT GTTATCGTAT ATGAAAATCA TTAATGTGAG AGGAATTTAT 
P E W A A I L L S Y M K I I N V R G I Y 
721 AACGATGTTG TTGAATGTAT CGACCCAAGT CAACAGTTCT GTGTTTTTGA GATAATTGGA 
N D V V E C I D P S Q Q F C V F E I I G 
781 TCTTTAACTG GTATTAGTAA TGGTCATTTT TGGTCTGTAT TGAATGATCG CCGAAGTATG 
S L T G I S N G H F W S V L N D R R S M 
841 GATGTTATAG CAAAAGAAGT TGAAAAAATT GCGCTTGATA ATCAACCTTT TGNCAAAGAT 
D V I A K E V E K I A L D N Q P F X K D 
901 GGAAATTTGA ATCATTTATT GTTTAATTCT ATCAATTTAT CAGATCCTCT GAATTTTAAC 
G N L N H L L F N S I N L S D P L N F N 
961 ATTTTTCACT ACAGTTTCAA ACTTAAGATA TTTCCTACTA CATTAAATCC TTTAGATGAT 
I F H Y S F K L K I F P T T L N P L D D 
1021 TTGGTTTTAT TACGAATGAA AGATTTAATT AAAGCATTTA ACGCAGGGAA TGATGTTCAA 
L V L L R M K D L I K A F N A G N D V Q 
1081 GTTATTGGTA ATAAATGTAT TGGTAAAACT CGATTGACAG CTGAATTAAA GAAGAAATAT 
V I G N K C I G K T R L T A E L K K K Y 
1141 TTGAATTTAC TGATTATAGA TAGTGACGAT TATGGTAAGT TTATCACTCT ACTGCTAAAC 
L N L L I I D S D D Y G K F I T L L L N 
1201 AACTGTCCTA ATTTGTTTTT GAATAACGAT TTTGAAATAA ATGATGAGGT GTTTGAGGAA 
N C P N L F L N N D F E I N D E V F E E 
1261 GAAATTTTTA ACGTTACAGT TATTGAATAC GCTAACGTAA TACGTGATGG TACTATAGTA 
E I F N V T V I E Y A N V I R D G T I V 
1321 ATTGAAACGT TTTTTGAACG ATTAATGTTT GAAATTATGT CACTTAATCT GACGAATGGT 
I E T F F E R L M F E I M S L N L T N G 
1381 GAATATGATG TTGATGCTAT ATTTCATTCT TTCAATGCTA GATTTCATGC TATTGTTAAT 
E Y D V D A I F H S F N A R F H A I V N 
1441 TCTTCAATGA TTGGTTATCG TCTATTTTTT ACAAAATTTC GTAAGTTAAT GTTTGATAAT 
S S M I G Y R L F F T K F R K L M F D N 
1501 TTCAATTACA CTCAAGTGTT ACATTTTGTT CATTCATACA GTGAATTGTC TTTTTACCCT 
F N Y T Q V L H F V H S Y S E L S F Y P 
1561 CACTGCGTAG CTTATATTAC TTTAGAGCCA AGTTACAATC CTTGTTGTTT ATTATATAAA 
H C V A Y I T L E P S Y N P C C L L Y K 
1621 AATAGAGTTA AACGTTTTTT GTCTATTACT AGATCTGATA AGGGCGTTTC GTCGGAGCTA 
N R V K R F L S I T R S D K G V S S E L 
1681 TTTTTGCATC AATTTTATGA GAAATTTACT ACTAAAGTAA ATCCTACGCC GGTATTTGTT 
F L H Q F Y E K F T T K V N P T P V F V 
1741 TTTAGATATT ATTTTGGATT GACGAATGGA TTATCTATAA GTGAATTGGC TTTGGACGAA 
F R Y Y F G L T N G L S I S E L A L D E 
1801 AACACTTAAA TTGTTATGAT TTTACGCTGA TGCGTAGTCG TAATTTAAAA GTACTTTTAT 
N T 
1861 GCATTCTTTA CATCTCTTCC GTTTTAGTCC AATATGGGAT GGCAGTCCTG ACGCCCCGAG 
1921 GATAGGTTAG GGAGAAGTAG GCTTAAA'l'CA GCAGATGTC 
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Figure 5.7. Diagrammatic representation of the genome organization of FDV SB. 
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Chaperone motif #1 GXnGK(S!T) Chaperone motif #2 
FDV S8 34 'AELKKKYLNLLI 98 
Figure 5.8. Motifs identified in FDV 88 PI using Emotif and the Prosite motif database. Numbers 
indicate the location of amino acids. 
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Figure 5.9. Structural predictions for the amino acid sequence of S8 PI as displayed 
by the GCG program PlotStructure. The domain corresponding to the NTP binding and 
chaperone motifs is indicated. 
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NH2 
50 
Domain incorporating -----""JII"" 
the NTP and chaperone motifs 
HOOC 
Figure 5.1 0. Two dimensional secondary structure predictions for the amino acid 
sequence of 88 Pl. Hydrophobic and hydrophilic residues >1.3 are indicated 
on the structure by 0 and Q , respectively. The domain incorporating the NTP 
binding and chaperone motifs is indicated. 
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5.3.5.3 
5.3.5.3.1 
Database analysis 
Nucleotide level 
The complete sequence of FDV S8 was compared to entries in the Genbank 
non-redundant database using the default settings of FASTA and BLASTN. 
Only two entries, RBSDV S8 and MRDV 87, were identified that had 
significant homology to FDV S8 at 55.4% and 56.2%, respectively. 
The 5' and 3' UTA sequences of FDV S8 were compared to those of MADV 
S7 and ABSDV S8. The size of the FDV 5' UTA (24 nt) was identical to those 
of MRDV S7 and ABSDV S8 and showed 71% homology to both segments 
(Fig. 5.11 ). The 3' UTA of FDV S8 was 150 nt in length and showed 58% 
homology to the 136 nt and 127 nt 3' UTAs of MADV S7 and ABSDV S8, 
respectively (Fig. 5.12). 
FDV S8 
RBSDV S8 
MRDV S7 
AA . CTT 
TC . AC 
TC . AC 
cc 
AAG 
AAG 
Figure 5.11. Comparison of the 5' UTAs of FDV S8, MADV S7, and ABSDV 
S8. Shading indicates homology between sequences. The nine nt 5' fijivirus 
conserved sequence is in italics. 
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27 
36 
3 I 
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Figure 5.12. Comparison of 3' UTRs of FDV sa, RBSDV sa and MRDV S7. Shading indicates 100% homology over all segment 
sequences. The four nt 3' fijivirus conserved sequence is in italics. Dashes indicates gaps of nucleotides. 
5.3.5.3.2 Amino acid level 
The complete sequence of FDV S8 was translated in all six frames using the 
default setting of FASTA and BLASTX and compared to Swiss Prot, PIR and 
the translated Genbank databases. One translated region of FDV S8, 
corresponding to the major ORF, was similar to three entries (Table 5.4). 
Table 5.4. Proteins identified by FAST A and BLASTX on the Swiss Prot, PIR 
and translated Genbank databases as being similar to the proposed protein 
encoded by FDV S8. 
RBSDV S8 36.9 (591) 
MRDV S7 37.8 (588) 
NLRV S7 21.7 (442) 
A Size of region of identity is in amino acids 
S8 ORF I was similar to the major ORFs of RBSDV S8, MRDV S7 and NLRV 
S7. The motif GXnGKT identified in the amino acid sequence of FDV S7 PI 
(Fig. 5.8) was also identified in the proteins encoded by the major ORFs of 
MRDV S7 and RBSDV S8 (Fig. 5.13). The 2 chaperone motifs identified in 
FDV S8 PI were also present in the protein encoded by the major ORFs of 
MRDV S7 and RBSDV S8 (Fig. 5.13), but only one of the chaperone motifs 
was identified in NLRV S7. The location of chaperone and NTP binding motifs 
was similar in the genomes of FDV S8, NLRV S7, MRDV S7 and RBSDV S8 
(Fig. 5.13). 
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Figure 5.13. Aligned amino acid sequence of proteins identified from databases as being similar to FDV sa Pl. Motifs 
characteristic of NTP binding and chaperone proteins are shaded. Amino acids are consecutive and numbering is indicated on 
the left and right hand sides of each sequence. 
5.3.5.4 Codon Usage 
The codon usage of FDV S8 P1 was determined using the 181 sequence 
analysis program (Table 5.5). A distinctive bias for specific codons was 
evident in the case of 12 amino acids. The frequency of the third redundant 
base in .each codon was also determined (Table 5.6). All amino acids, with 
the exception of methionine and tryptophane which had only a single codon 
usage, favoured an A or T. The preference for an A or T, versus a G or T, by 
all amino acids was 75%. 
!50 
Table 5.5. Codon frequency for the putative FDV S8 translation product Pl. 
CTC Leu 1 
CTALeu 6 ATA Ile 17 
CTGLeu 5 7 ATG Met 14 100 
TCT Ser 15 33 ACTThr 16 36 
TCC Ser 3 7 ACC Thr 5 11 
TCA Ser 10 22 ACA Thr 15 35 
TCG Ser 4 10 ACG Thr 8 18 
11 24 
35 
2 8 
CGT Arg 5 18 10 42 
CGCArg 4 14 2 8 
t total number of individual amino acids 
P percentage total number of individual amino acids 
Codons exhibiting a distinctive bias for each translation product are 
shaded. 
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Table 5.6. The frequency(%) of an A or Tat the third codon position of FDV SS 
major ORF. 
AIJlino acid .. · .' .. .'. Bi~s .. a'f'th'e 3~d.cod~n·. · · 
'' • • • •' ' •:'• ' I • .o' ,' • : • ,: ••, • i • '. • • : • • • '': • • 
. ·, .. ··:.. ·:· .. · ... : .-.: position.(A.orT) %... ·:· 
'• ' ',• • •, o ,I '• ~· • •' • ~ ·, • • ; f • " • I • 
Phe 88 
Leu 56 
Ser 79 
Tyr 68 
Cys 80 
Trp* 0 
Pro 74 
His 67 
Gin 73 
Arg 70 
lie 88 
Met* 100 
Thr 71 
Asn 71 
Lys 58 
Val 85 
Ala 76 
Asp 83 
Glu 62 
Gly 84 
*Tryptophane and ·methionine each only have 1 codon usage. 
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5.3.5.5 RNA secondary structure 
The secondary structure of FDV S8 was predicted using mfold (mfold server, 
-NIH) with a minimum free energy of -398 kcal/mol (Fig. 5.14). An incomplete 
inverted repeat was identified incorporating nt 3 - 15 and nt 1939 - 1959 (Fig. 
5.15) with the initial two nucleotides and the last seven nucleotides not forming 
any secondary structure. 
The start codon of the ORF of FDV S8 was located in an inverted repeat but 
appeared to be in a region of less RNA secondary structure than the stop 
codon (Fig. 5.15). The stop codon was surrounded by a series of stem-loop 
structures (Fig. 5.16). 
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Figure 5.14. Predicted RNA secondary structure of FDV S8 using mfold with a 
minimum free energy of -398 kcal/mol. Boxed areas indicate regions of interest 
and are enlarged in subsequent figures. 
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Figure 5.15. Predicted RNA secondary structure associated with the incomplete 
inverted repeat and start codon (nt 25 - 27) of FDV S8. 
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Stop Codon 
G-U 
G-C 
A-U 
u-A 
G-C 
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Figure 5.16. Predicted RNA secondary structure associated with the stop 
codon (nt 1807 - 1809) of FDV S8 ORF. 
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5.4 DISCUSSION 
Preliminary analysis of the FDV eDNA library by Northern analysis (Chapter 
3) did not reveal any clones which specifically hybridized to FDV S8. 
Therefore, the strategy used to obtain S8 specific sequences involved the 
screening of the library by Southern hybridization using 5' end labelled FDV 
S8 as a probe. The use of individually labelled FDV segments enabled the 
rapid screening of large numbers of clones, an advantage not afforded by 
Northern analysis of FDV dsRNA. Using this strategy, five clones were 
identified which specifically hybridized to FDV S8. To exclude the possibility 
that these clones contained multiple inserts with sequences derived from 
other FDV segments, the insert of clone22 were probed against FDV dsRNA 
by Northern hybridization. Clones 22 hybridized specifically to FDV S8. 
Comparison of the FDV S? nucleotide sequence with those available in 
databases revealed significant homology (approximately 60%) with RBSDV 
S8 and MRDV S?. It was therefore postulated that FDV S8 would have a 
similar genome organization to these viruses and in subsequent comparisons 
the sequence of RBSDV S8 was used as a reference map for FDV S8. 
Analysis of the proposed FDV S8 genome map indicated that two regions of 
internal sequence, in addition to the 5' and 3' terminal sequences, were 
missing. The intervening sequences and the 5' and 3' ends were 
subsequently obtained by designing specific primers for use in reverse 
transcriptase-PCR and RACE, respectively. 
The complete sequence of FDV S8 comprised 1959 nucleotides with a single 
major ORF and 5' and 3' UTRs consisting of 24 and 153 nucleotides, 
respectively. The start codon of the major ORF was not the strong ACA TGG 
sequence identified for both ORFs in FDV S?. However, the codon usage of 
the major ORF of S8, like that found in FDV S7, displayed _a distinctive 
preference for specific codons. This preference was more marked when the 
preference for the third nucleotide in each codon was examined. With the 
exception of methionine and tryptophane, both of which had only a single 
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codon usage, all amino acids displayed a preference for an A or T as the third 
nucleotide in each codon. 
Comparison of the FDV S8 nucleotide sequence with those available in the 
databases revealed significant homology at 55.4% and 56.2% with two 
entries, MRDV S? and RBSDV S8. Comparison of the translated FDV S8 
sequence with those available in the databases also revealed significant 
homology with the major ORFs of both MRDV S7 and RBSDV S8 as well as 
that of NLRV S7. MRDV and RBSDV, like FDV, are members of the same 
genus, whereas NLRV is an insect-infecting reovirus but is believed to be 
closely related to plant reoviruses. 
Sequence analysis of the 5' and 3' UTRs of FDV S8 revealed both contained 
the 5' and 3' conserved genus specific sequences, s·AAGUUUUUU .... UGUC3', 
identified by Marzachi eta/. (1991). These regions were similar to those of 
RBSDV S8 and MRDV S? with respect to length and sequence and analysis 
of secondary structure of the FDV S8 RNA revealed that, like S? and other 
reoviruses, the 5' and 3' terminal sequences formed an inverted repeat. 
The major ORF of FDV S8 encoded a protein (PI) of 69 kDa. Two motifs 
associated with chaperone proteins or chaperonins which were identified in 
the amino acid sequence of S8 Pl. Chaperone proteins comprise a class of 
molecular chaperones that are found in plants, yeast and bacteria but have 
not yet been reported in reoviruses. These proteins are essential for the 
correct folding and assembly of polypeptides into oligomeric structures of 
which they are not a part (Hemmingsen eta!., 1988). There have been two 
types of chaperon ins identified, a 10 kDa form which exists as a ring shaped 
oligomer of 6 - 8 identical subunits and a 60 kDa form which comprises two 
stacked rings, each containing seven identical subunits. These three motifs 
were also identified in the amino acid sequences of the major ORFs of the 
fijiviruses, MRDV S7 and RBSDV S8. Further, the location of the motifs within 
the amino acid sequences was similar. One of the chaperone protein motifs 
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was also identified in the closely related insect-infecting reovirus, NLRV S7. 
The chaperone protein motifs appeared to be in an area of intense folding 
having a low surface probability suggesting it was internal of the folded 
protein and possibly represented a binding domain. Interestingly, a NTP 
binding motif was found within this putative domain, located between the two 
chaperone motifs. 
The NTP binding motif was also found in the amino acid sequence of the 
major ORFs of MRDV S7, RBSDV S8 and NLRV S7. Further, the location of 
the motif relative to the chaperonine motifs was identical in all four 
sequences. An NTP binding motif forms an ess,ential part of the chaperonin, 
GroEL, found in E.coli. GroEL binds protein in the putative cavity or binding 
domain incorporating all 3 motifs and releases it to bind and hydrolyze ATP 
and vice versa (Martin et a/., 1993). Interestingly, GroEL appears to bind 
proteins and ATP with an equal affinity. The significance of the 
chaperonin/NTP binding function of S8 PI is not immediately obvious. 
However, it is possible that it may play a role in the assembly of the virion, 
perhaps the incorporation or packaging of the virion around the 10 segments 
of dsRNA. 
It is highly likely that PI is a non-structural protein and is the major translation 
product of FDV S8 as: (i) the full amino acid sequence is similar to that of 
MRDV S7, RBSDV S8 and NLRV S7; (ii) the sequence and location of the 
chaperonin and NTP motifs are unique; (iii) the motif sequences and location 
are identical to those found in three other closely related fijiviruses; and (iv) 
no protein of a similar size was found in FDV-infected sugarcane extracts or 
FDV virions which was found to react with FDV polyclonal antiserum (5.3.6.3). 
It is still important, however, that the location of PI in FDV preparations be 
determined by preparing antisera to a recombinant form of the_protein. The 
use of this serum in immunogold labelling with denatured FDV particles may 
provide information in this regard. Further, the proposed protein and NTP 
binding activity of the translation product still needs to be confirmed in vitro. 
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CHAPTERS 
CHARACTERIZATION OF FDV SEGMENT 10 
6.1 INTRODUCTION 
Based on electrophoretic mobility in polyacrylamide gels, FDV S1 0 is 
approximately 1.8 kbp which is similar in size to the genome of MRDV S10 
and RBSDV S10. The genome of these two viruses both contain a single 
large ORF which encodes a protein of unknown function. 
Based on the size, and the results from Chapter 4, it was hypothesized that 
FDV S10 may have similar genome organization to MRDV S10 and RBSDV 
S1 0. This chapter describes the cloning, sequencing and analysis of FDV S1 0 
and characterization of the putative gene product. 
160 
6.2 MATERIALS AND METHODS 
The material and methods used in this chapter, unless otherwise stated 
below, were those described in previous chapters. 
6.2.1 C.loning of FDV S10 ORF I 
Primers orfS1 O.pst and orfS1 O.bam (Table 6.1) were synthesized 
corresponding to the 5' and 3' ends of the FDV 810 ORF I. Each primer was 
used separately in a reverse transcriptase reaction with FDV dsRNA as 
previously described (2.3.10) and PCR products were cloned into pGEM-T 
(Stratagene). The cloned inserts were double-digested with Pst I and Bam HI, 
gel purified and ligated into a Pst 1/Bam HI digested pMAL-c2 vector. Ratios of 
1:1, 3:1 and 10:1 (insert:vector) were used in the ligation. 
Table 6.1. Primers used in cloning and sequencing of FDV S1 0. 
"•'1i7i~BrJ ~ ~m 'i!?h ~~·m(#~t)~l"' ~·~ 'r!:"~", .. S. \' .·. ··~#(5'~. ·"3') ~w •• Ji/u, en n ·: J;;,.· -~!!;~···•'A .. ~ uence. ..:... . i%c;i;~ ~ ·:~:.,~ •. 11{811( ·~ ~:vk"<;~£!!0\c''"'~~"'", !;tr t~=~,_ 4¥t~"~· "~~J~cdi,Zh ~;t?!d4 ~"*"~"'" "'•i"''i+• •"'"{1st *$li:t;fo lurZ,yh, 0~~ - "'~~~"'*~"'i!:f+"al ~ 'b't:~::AJ ~, ;r;;;;J ~ *. ">~t~• t$6:'-"',~~:kz"t', thtv "' 'If"'~'"' ~ :;:;,"' +4 J! J;"'~s"t;,i'~ ~ 
A62b 20 GGAATTACGTGCGTGTAACG 
1 1e 18 AGGTGTCTGGATCATCTG 
-S10.5en 18 TGACGTGTCGACTGATTG 
71(en) 18 GATGGGTATTGAGAAAGC 
orfs1 O.pst 30 
I 
GCGCTGCAGTCATGTTTATATATTCTAAT 
orfs10.bam 30 CGGGATCCATGACTAGCATAAGCCTGACCA 
I 
--j-·· p I 22 
I 
AGAATTCTGCAGGATCCCGGGG I 
G I - 22 CCCCGGGATCCTGCAGAATTCT 
_L 
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6.3 RESULTS 
The results in the chapter cover the sequencing and analysis of FDV S1 0. The 
sequence was compared to those of other fijiviruses and analyzed for potential ORFs 
and structural motifs. The strategies for this work are represented by the flow diagram 
in Figure 6.1. All clones used in this chapter are listed in Table 6.2. 
Sequencing of potential FDV 510 specific clones 
Confirmation of FDV S1 0 specificity 
Comparison of FDV S10 sequences to databases 
Mapping of FDV S1 0 clones 
Synthesis and cloning of remainder of FDV S1 0 
Analysis of FDV S1 0 sequence 
Expression of ORF in-vitro 
Figure 6.1. Flow diagram outlining the strategy used to characterize FDV S1 0. 
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Table 6·.2. Clones used in the sequencing of FDV 810. 
15 382 
71 497 
A62 456 
s10.3en/9 489 
s10.3en/22 489 
pcr600 567 
pGEM 810 clone 1600 
s1 0.5en/16 270 
s10.5en/22 270 
6.3.1 Identification, sequencing and preliminary analysis of FDV 810 
Two clones, 71 and 15, previously shown to hybridize to either FDV 89 or 810 
by Northern analysis (Chapter 3) were further characterized. The exact segment 
specificity of these clones could not be accurately determined because 89 and 
810 co-migrated during electrophoresis due to their similar size. Therefore, an 
attempt was made to determine the segment specificity of these clones by 
comparison with other fijivirus sequences. 
The inserts from clones 71 and 15 were fully sequenced in both directions using 
the UFP and URP and were found to comprise 497 and 382 bp, respectively. 
Another randomly chosen clone from the eDNA library, A62, was also 
sequenced and found to· comprise 456 bp. When the three sequences were 
compared to each other, all were dissimilar. The sequences were also compared 
to the Genbank non-redundant database and two entries, RB8DV 810 and 
MRDV 810, were found to be most similar to the sequences of the-three clones. 
The homology of these three clones to RB8DV 810 and MRDV 810 ranged 
from 57- 63% and 56- 64%, respectively (Table 6.3). 
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Table 6.3. The homology of FDV S10 specific clones to RBSDV S10 and 
MRDV S10. 
71 59.2% (nt 924 - 1415) 57.1%(nt 925- 1415) 
15 57% (nt 1419- 1770) 56.9% (nt 1420- 1771) 
A62 63.% (nt 18- 452) 64.1% (nt 19- 451) 
( ) number in brackets indicate region of homology. 
Based on the observed homology of these sequences to S1 0 of both RBSDV 
and MRDV, it was assumed that the sequences were FDV S1 0 specific. 
The sequences of the three clones were mapped to those of RBSDV S1 0 (Fig. 
6.2). Further, the sequences were translated in all six frames and analyzed; 
Clone 71 contained a single continuous ORF, clone A62 contained a putative 
start codon and continuous ORF, while clone 15 contained a stop codon. These 
analyses were consistent with the proposed map of FDV S1 0 based on 
homology with the sequence of RBSDV S1 0 (Fig. 6.2). 
500 1000 1500 1801 (nt) 
RBSDV S10 
5' ------3' 
CloneA62 Clone 71. 
Clone 15 
Figure 6.2. Mapping of the sequence of FDV S1 0 specific clones, A62, 71, and 
15, to the sequence of RBSDV S10. 
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6.3.2 Generation of additional 510 specific clones 
6.3.2.1 Design of primers 
Using the sequence information from FDV S1 0, a strategy was devised to 
synthesize and clone the remaining sequence of FDV S10 (Fig. 6.3). To 
obtain the internal sequence, two primers, A62b and 71 e (Table 6.1 ), were 
synthesized using the sequences of clones A62 and 71. The primers were 
expected to amplify a product of approximately 600 bp in reverse 
transcriptase-PCR, being similar to the predicted gap between both clones 
relative to RBSDV S10. 
The terminal sequences of FDV S10 were to be obtained using 3' RACE as 
previously described. Two primers, s10.5en and 71(en), (Table 6.1) were also 
synthesized from the sequence of clones A62 and 71. Based on the mapped 
location of these clone to RBSDV S1 0, products of approximately 300 bp and 
500 bp were expected to be amplified corresponding to the 5' and 3' ends of 
FDV S10, respectively. 
6.3.2.2 Amplification and cloning of the internal FDV 510 sequence 
Using primers A62b and 71e and total FDV dsRNA as template, a product of 
approximately 600 bp was synthesized in a reverse transcriptase-PCR. This 
product was cloned into pGEM-T and the insert from one clone, pcr600, was 
sequenced using the UFP and URP. The sequence of clone pcr600 (567 bp) 
was compared to that of clones A62 and 71. Clone pcr600 was identical to 
clone A62 from nt 362 - 456, and included the sequence of primer A62b. The 
initial 20 nt of clone 71 were identical to nt 547 - 567 of clone pcr600 and 
included the sequence of primer 71e. When the sequence was mapped to that 
of RBSDV S1 0, 66.7% homology was identified between nt 373 - 938. 
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500 1000 1500 1801 (nt) 
L__ __l _______ L____ I 
Proposed FDV S1 0 
5' 3' 
s10.5en A62b 71e 71 (en) 
~ ~ -----... ~:---- ~ .. --- ··- ------------ -·· -------------
CloneA62 Clone 71 Clone 15 
Figure 6.3. Strategy for generating additional FDV 810 clones. Predicted products are indicated by dashed lines and 
primers are indicated by lines with arrows indicating the direction of extension. 
6.3.2.3 Amplification and cloning of the 5' end of FDV 510 
RACE primer G was ligated to purified FDV dsRNA and eDNA was synthesized 
in a reverse transcriptase reaction using primer 71 e. The eDNA was then used 
in a PCR with RACE primer G and primer s10.5en. The predicted product size 
of approximately 300 bp was amplified and cloned into pCRscript. The inserts 
from two clones, s10.5en/16 and s10.5en/22, were sequenced using primers 
UFP and URP. Both sequences were found to comprise 270 bp and were 
identical. When the sequence was compared to that of clone A62, both 
sequences were identical with the exception of 12 nt corresponding to the 5' 
terminal sequence of S10. The cloned sequence was also compared to that of 
RBSDV S10 and was 65.9% homologous at the nucleotide level over a region 
of 268 nt comprising the 5' terminal sequence. 
6.3.2.4 Amplification and cloning of the 3' end of FDV 510 
RACE primer G was ligated to purified FDV dsRNA and eDNA was synthesized 
in a reverse transcriptase reaction using primer A62b. The eDNA was then 
used in a PCR with RACE primer G and primer 71(en). The predicted product 
size of approximately 500 bp was amplified and cloned into pCRscript. The 
inserts from two clones, s 1 0. 3en/9 and s 1 0. 3en/21 , were sequenced using 
primers UFP and URP. Both sequences comprised 489 bp and were identical. 
When the sequence was compared to that of clone 15, both were found to be 
identical with the exception of 90 nt corresponding to the 3' terminal sequence 
of S10. The cloned sequence was also compared to that of RBSDV S10 and 
was 59.2% homologous at the nucleotide level over a region of 470 nt 
comprising the 3' terminal sequence. 
6.3.3 Genome organization of FDV S1 0 
Using the sequence information from FDV S10 clones, s10.5en/16, A62, 
pcr600, 71, 15, s1 0.3en/9, a contiguous sequence was gener9ted which 
comprised 1819 nt (Fig. 6.4). 
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1 AAGTTTTTTA ACCCTATATC ACGATGACTA GCATAAGCCT GACCATTGCT CCAGACCTTA 
M T S I S L T I A P D L I 
TTCATTGTGG TGTTCCTCAG AGACTATCCG ATACAATAAT ACTAAACGAC AAGCCAAAGA 
H C G V P Q R L S D T I I L N D K P K I 
TAACTCTACT CTCATATTTT GACAACATCT TTACAGAAGC AAACATTATT AAAGCGCCAA 
T L L S Y F D N I F T E A N I I K A P K 
AAGAGCATTC TGTGCAATCG ACCGTTAATA TATATGTTAA ATTGGAATTA TTGAAACGCC 
E H S V Q S T V N I Y V K L E L L K R L 
TTTACGATAG GTTACAATCA GTCGACACGT CAACACTCCC GTATATTAGC CAAATCAAAG 
Y D R L Q S V D T S T L P Y I S Q I K E 
AAGCACTTCG CTCCTTTTTG CATAATGATA TTCAGTATGT ATTTACTCGA ATTCCAGATT 
A L R S F L H N D I Q Y V F T R I P D S 
CTGAAATTGA TGGGAATTAC GTCGGTGTAA CGACTCATGG ATTAAGTTTA TTTGCTAACG 
E I D G N Y V G V T T H G L S L F A N A 
CGAAAAATGA CGCGGAAGAA ATCGAACGTG TTCAAATTGA TACCCCGACC GAAGGTAATT 
KND AEE IERV QID TPT EGNL 
481 TAACTTTAAA ACCTATTTCA GCAGACGGCG TTGAAGTAGT TCTTGATGAC AGTTATATTA 
T L K P I S A D G V E V V L D D S Y I N 
541 ATGCAGTATC TAAAGTGATT GGACCAGACG TTCATAAATT AATTGATAAA TGTTGCAAAG 
A V S K V I G P D V H K L I D K C C K E 
601 AATTCCCAGC GCATGTGGGT ACTATACTAG AGGAAGTTAA GTATTGCTTA ATCTTAGGAA 
F P A H V G T I L E E V K Y C L I L G K 
661 AATTAAGACT AGCGGGTGGT TATGATTACA ATTGTCCTTC CAGCACAACA GACGTTACTC 
L R L A G G Y D Y N C P S S T T D V T R 
721 GTTACGGTGA TTTTGATAAA TTCAGAATTA AAATGTTTAA CAAGTTAACT CGATTTTATA 
Y G D F D K F R I K M F N K L T R F Y N 
781 ATGTCTCTCT AGCTTTGGTG CCGTGTAATA AACTTAAAAT GCAATACATC TTCGACAGTG 
V S L A L V P C N K L K M Q Y I F D S E 
841 AATCAGAAAA AATTAATGGA GATAGAACAT TCCTTGACCA GGCATGGCCC GCAATTACTA 
SEK ING DRTF LDQ AWP AITS 
901 GTTTTATCGA AACTCACGAC CTAGCAACTA AAGTAAAAAC AGATGATCCA GACACCTATG 
F I E T H D L A T K V K T D D P D T Y V 
61 
' 121 
181 
241 
301 
361 
421 
961 TACTTAAGGA AGTTAAAAGT 
L K E V K S 
1021 ACTTAGACGG AAATAAACTC 
L D G N K L 
TGTAAAATTA ACAGTTCAAC 
C K I N S S T 
GAATGGTATA AGAATAATAT 
E W Y K N N I 
AAAGCAAGCT ACATTGGTAA 
KQA TLVN 
ATATAACGCT AAACTCGAAG 
Y N A K L E D 
1081 ACGGTATAGT TATTAATCGA GAATTGTATG AAAAAGCTGC GGATAAAAGT TATATTAAAT 
G I V I N R E L Y E K A A D K S Y I K Y 
1141 ATAACGTTAA AGTAGTATTT GCATCTTACG CTTTACAAAA AATAATTGAT GAGAAATCTG 
N V K V V F A S Y A L Q K I I D E K S D 
1201 ACAAATCGAT CACTGTTGAT ACTTCAGCAG GTGAAATGAC CTTAGATAAA TATCGTGCAA 
K S I T V D T S A G E M T L D K Y R A I 
1261 TTGCTAATGT TTTAAATAGC ATTTGGAAAC GTGGTAAAGA TATGGCTATT AAATATTTTG 
A N V L N S I W K R G K D M A I K Y F D 
1321 ATTATATTAA GATGGGTATT GAGAAAGCTA CGCATTTATC ACTAAATTTG ATGAAAAAGT 
Y I K M G I E K A T H L S L N L M K K Y 
1381 ATAATATTAC TCTCGACGAC GTAGTTAGTT TTATTGAGAA AGGTCCTGGT TATTTAGCTA 
N I T L D D V V S F I E K G P G Y L A T 
1441 CTTTACAAAA ACTTAATGAT TATAAATTGA TCGCAAAGAT TATAATATGT CACATTCTAC 
L Q K L N D Y K L I A K I I I C H I L P 
1501 CAACTATTAT CCAATGTGTT TATAAGTCAG ATCCAAATAG TAAAATTATG AATTCGACGT 
T I I Q C V Y K S D P N S K I M N S T L 
1561 TAATTACTAA TGCGGTTAAT TTGATTAGAC AGGATACGAA ACGATACGAA TCCAGCACTG 
I T N A V N L I R Q D T K R Y E S S T G 
1621 GCAGAAAAGA TGCTAATTTA GTTACACACG ACGCATCAAG TTTACCACTA ATTAGAATAT 
R K D A N L V T H D A S S L P L I R I Y 
1681 ATAAAACATG ATTTTAACCA GTTTAATTCC TTAACAGGGA CATTCCAATG AATTTTGTGT 
K T 
1741 TTCGTGCAGC GGTGGCAGGA CTTTTAGTTT ATTGTGTGAA GGCGAGTGGT ACCGTCCGAT 
1801 GGGGTTAACA GCAGATGTC 
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6.3.3.1 Identification of ORF and UTRs 
The sequence of FDV 810 was analyzed for ORFs defined by an initiation 
codon (ATG) and a termination codon (TAG, TGA or TAA). One major ORF 
was identified from nt 24 to 1691 which potentially encoded a 63 kDa protein 
(Fig. 6.4). 
The 5' UTR of FDV 87 comprised 23 nt (Fig. 6.4) and contained the nine nt 5' 
fijivirus conserved sequence, AAG I I I I I I. The 3' UTR of FDV 810 was 152 nt 
and contained the four nt 3' fijivirus conserved sequence, TGTC. A . 
diagrammatic representation of the genome organization of 810 is shown in 
Figure 6.5. 
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Figure 6.5. Diagrammatic representation of the genome organization of FDV S1 0. 
6.3.3.2 Protein analysis 
The major ORF of FDV S1 0 potentially encoded a protein (S1 0 PI) of 554 
amino acids. S1 0 PI had a Mr of 63 kDa, an isoelectric point of 8.3 and 
comprised 39.72% non-polar, 33.03% polar, 12.45% acidic and 14.81% basic 
residues. The amino acid sequence of S1 0 PI was analyzed for conserved 
protein signatures using Emotif and the Prosite database, but none were 
identified. 
The secondary structure of S10 PI was predicted using GCG and a computer 
generated two dimensional secondary structure of the protein was prepared 
(Fig. 6.6). The protein was found to be generally hydrophilic with only one 
large hydrophobic domain apparent and, as such, had a high antigenic index 
and a high surface probability (Fig. 6.7). Five glycosylation sites were 
identified from amino acids 157 - 160, 258 - 261, 328 - 331, 459 - 462, and 
515- 518 (Fig. 6.7). 
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Major hydrophobic 
domain 
HOOC 
Figure 6.6. Two dimensional secondary structure predictions for the amino acid 
sequence of S1 0 Pl. Hydrophobic and hydrophilic residues >1.3 are indicated 
on the structure by ¢ and Q , respectively. The region corresponding to the 
hydrophobic domain is indicated. 
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Figure 6.7. Structural predictions for the amino acid sequence of S1 0 PI as displayed 
by the GCG program PlotStructure. The region corresponding to the major hydrophobic 
domain is indicated. 
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The complete sequence of FDV S1 0 was compared to entries in the Genbank 
,non-redundant database using the default setting of FASTA and BLASTN. 
Two entries, RBSDV S10 and MRDV S10, were identified that had significant 
homology to FDV S10 of 61.6% and 61.2%, respectively. 
The 5' and 3' UTRs of FDV S10 were compared to those of MRDV S10 and 
RBSDV 810. The size of the FDV 5' UTR (23 nt) was 1 and 2 nucleotides 
longer than those of MRDV S1 0 and RBSDV 810, respectively, and showed 
61% homology to both sequences (Fig. 6.8). The 3' UTR of FDV S10 was 152 
nt and showed 74% homology to the 149 nt 3' UTRs of MRDV S10 and 
RBSDV 810, respectively (Fig. 6.9). 
FDV SlO 
MRDV SlO 
RBSDV SlO* 
~~TA'!JICG 
- CAC~TA 
~-- CAC~TA 
Figure 6. 8. Comparison of the 5' UTRs of FDV S10, MRDV S10, and RB8DV 
S1 0. Shading indicates homology between sequences. The nine nt 5' fijivirus 
conserved sequence is in italics. ·The 5' nt of RBSDV has not been determined 
and is represented by "N". 
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FDV s10 5 1 •• IIG~TTIITITTiciiGIIIciGII-IIAGIA-~TIIIITIIIGIGTIIAIGIIIIIIGTAciiTICGATIIIITTIA-IIIIAGAIIII 3 1 
RBSDV s1o 5 I • • llciTIAGIIciAciAIITIIITiciiTII--IATIIIc-llllciiiiAic-IITiciiiiiiiiAcGAIIGI-TAGIIIIIAAIITTIIIITATIIII 3 I 
MRDV s10 5 1 •• llciTIAGIIciAciAIITIIITITIITII--IGTIIIc-llllciiiiAic-IITiciiiiiiiiAcGAIIGI-TAGIIIIIAAIITGIIIITATIIII 3 1 
51 Figure 6.9. Comparison of the 3' UTRs of FDV 810 (152 nt), RBSDV 810 (149 nt), and MRDV 810 (149 nt). Shading indicates 
homology between sequences. The four nt 3' fijivirus conserved sequence is in italics. 
6.3.3.3.2 Amino acid level 
The complete sequence of FDV S1 0 was translated in all six frames using the 
default setting of FASTA and BLASTX and compared to Swiss Prot, PIR and 
translated Genbank database. One translated region of FDV S1 0, 
corresponding to the major ORF, was similar to three entries (Table 6.4) 
Table 6.4. Proteins identified by FASTA and BLASTX on the Swiss Prot, PIR 
and translated Genbank databases as being similar to the putative protein 
ncoded by FDV S10. 
MRDV S10 50.4 (528) 
RBSDV S10 50.5 (531) 
NLRV S8 20.5 (542) 
A Size of region of identity is in amino acids 
6.3.3.4 Codon usage 
The codon usage of FDV S10 PI was determined using the 181 sequence 
analysis program (Table 6.5). A distinctive bias for specific codons was evident 
in the case of 16 amino acids. The frequency of the third redundant base in 
each codon was also determined (Table 6.6). All amino acids, with the 
exception of methionine and tryptophane, which had only a single codon 
usage, favoured an A or T. The preference for an A or T, versus a G or C, by all 
amino acids was 75%. 
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Table 6.5. Codon frequency for the putative FDV S1 0 translation product, Pl. 
CTTLeu 8 15 
CTC Leu 5 9 
CTALeu 10 18 
CTG Leu 1 2 
TCT Ser 6 15 
TCC Ser 4 10 
TCA Ser 10 26 
TCG Ser ,.., 8 .) 
AGT Ser 10 26 
GTA Val 10 29 
GTG Val 4 11 
GCT Ala 12 39 
GCCAla 0 0 
12 39 
24 
11 1 
t total number of individual amino acids 
P percentage total number of individual amino acids 
Codons exhibiting a distinctive bias for each translation product are 
shaded. 
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Table 6.6. The frequency(%) of an A or Tat the third codon position of 
FDV S1 0 ORF I. 
Ser 67 
Tyr 76 
Cys 78 
Trp* 0 
Pro 77 
His 70 
Gin 69 
Arg 83 
lie 84 
Met* 100 
Thr 
Asn 73 
Lys 80 
Val 80 
Ala 78 
Asp 56 
Glu 81 
Gly 86 
*Tryptophane and *methionine each have only a single codon usage. 
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6.3.4 RNA secondary structure 
The secondary structure of FDV S1 0 was predicted using mfold (mfold server, 
NIH) with a minimum free energy of -346 kcallmol (Fig. 6.1 0). A complete 
inverted repeat was identified incorporating nt 8 - 17 and 1789 - 1798 (Fig. 
6.11) with the initial 7 nt and the last 1 nt of the RNA sequence not forming any 
secondary structure. The start codon of ORF I was located in an incomplete 
inverted repeat but was in a region of relatively little RNA secondary structure 
(Fig. 6.12). The stop codon of ORF I was also part of an incomplete inverted 
repeat but was preceded by a complex RNA secondary structure (Fig. 6.13). 
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Figure 6.10. Predicted RNA secondary structure of FDV 810 using mfold 
with a minimum free energy of -346 kcal/mol. Boxed areas indicate regions 
of interest and are enlarged in subsequent figures. Arrows indicate primers 
used to synthesize and clone ORF I. A. orfs1 O.bam. ·B. orfs1 O.pst 
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Inverted repeat 
A 
I 
Figure 6.11. Complete inverted repeat incorporating the 5' and 3'ends of FDV 810. 
u-A 
r~\ 
c u-G ... 
U-A-30 
A-u 
G-c 
1770 u-A 
~U,U G~ 
A U 
1 f 
u"-
G ...u-G 
G-C 
u-A 
G-C-20 
~A-U~ 
Start Codon 
Figure 6.12. Predicted RNA secondary structure associated with the start codon 
(nt 24- 26) of FDV 810 ORF I. 
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-1 ..-,.., TT 
Figure 6.13. Predicted RNA secondary structure associated with the stop 
codon (nt 1689- 1691) of FDV 810 ORF I. 
182 
6.3.5 Expression of FDV 510 ORF I 
The entire ORF of S10 was amplified using primers orfs10.pst and 
orfs1 O.bam. A product of approximately 1.6 kbp was amplified and cloned into 
pGEM-T. One clone, pGEM s10, containing the expected size insert was 
selected and the integrity of the insert confirmed by sequencing prior to sub-
cloning into pMAL-c2. Despite numerous attempts, however, the insert from 
clone pGEM s1 0 could not be cloned into pMAL-c2. 
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6.4 Discussion 
In Chapter 3, two clones, 71 and 15, were identified which by Northern 
analysis which hybridized to either FDV S9 or S10. This screening method 
was not suitable for differentiating S9 and S1 0 specific clones since these two 
segments were of a similar size and could not be resolved during 
electrophoresis. Therefore, an attempt was made to determine the segment 
specificity of these clones by comparison with other fijivirus sequences, an 
approach successfully used to characterize FOV segments 7 and 8. 
Sequence comparison of clones 71 and 15 revealed that they were dissimilar 
to each other and to the sequence of FDV S9 (Soo et a/., unpublished) and 
possibly represented 50% of the FDV S10 genome (approximately 1800 nt). 
The FDV S10 sequences were found to have significant homology 
(approximately 60%) to both MRDV S1 0 and RBSDV S1 0. The sequence of 
another third randomly chosen clone, also had significant homology to MRDV 
S10 and RBSOV S10. Based on these comparisons, it was assumed that the 
sequences were FOV S10 specific. Further, it was postulated that FDV S10 
would have a similar genome organization to S10 of MRDV and RBSDV. The 
sequence of RBSDV S1 0 was subsequently used as a reference map for 
FDV S10. 
Analysis of the proposed FDV S10 genome map indicated that approximately 
600 nucleotides of internal sequence of FDV S1 0, in addition to the 5' and 3' 
ends, was absent. The intervening sequence and the 5' and 3' terminal 
sequences were subsequently obtained by designing primers for use in 
reverse transcriptase-PCR and RACE, respectively. 
The complete sequence of FDV S1 0 comprised 1819 nucleotides with a 
single major ORF and 5' and 3' UTRs consisting of 23 and 152_ nucleotides, 
respectively. The start codon of the major ORF was not the strong ATGG 
sequence identified for the two ORFs in S7. However, the codon usage of the 
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major ORF of 810, like that found in FDV segments 7 and 8, displayed a 
distinctive preference for specific codons. 
Comparison of the FDV 810 nucleotide sequence with those available in the 
databases revealed significant homology with two entries, MRDV 810 and 
RBSDV 810. Comparison of the translated FDV 810 sequence with those 
available in the databases also revealed significant homology with the major 
ORFs of both MRDV 810 and RBSDV 810, as well as that of NLRV 88. 
Sequence analysis of the 5' and 3' UTRs of FDV 810 revealed both were 
similar to those of RBSDV 810 and MRDV 810 with respect to length and 
sequence and contained the 5' and 3' conserved genus specific sequences, 
5
'AAGUUUUUU .... UGUC3', identified by Marzachi eta/. (1991). Analysis of 
secondary structure of the FDV 88 RNA revealed that, like FDV segments 7 
and 8 and other reoviruses, the 5' and 3' terminal sequences formed an 
inverted repeat. 
To determine the function of the protein encoded by the FDV 810 ORF I, 
attempts were made to clone the major into the pMAL expression vector. 
Despite numerous attempts, this sequence could not be cloned into pMAL-c2. 
It is possible that the protein encoded by this ORF disrupted cellular functions 
when expressed in E. coli. Analysis of the amino acid motifs of FDV 810 PI did 
not reveal any function associated with the protein. The hydrophilic nature of 
the protein, however, indicates that it may have a large exposed surface area 
folding to a single major hydrophobic domain. The significance of this in 
relation to the function of the protein is not immediately obvious. 
It is highly likely that 810 PI is a structural protein and is the major translation 
product of FDV 810 as: (i) the full amino acid sequence of PL is similar to 
those of MRDV 810, RBSDV 810 and NLRV 88; and (ii) the encoded protein 
of NLRV 88 was identified by Western blot as a major outer capsid protein 
(Nakashima and Noda, 1994). However, no FDV proteins with a Mr of 63 kDa 
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were identified in purified FDV preparations by Western blot analysis using 
anti-FDV polyclonal antiserum (results not shown). It is still important, 
however, that the presence of S1 0 PI in virus preparations be confirmed by 
preparing antiserum to a recombinant form the protein. The use of this serum 
in immu'nogold labelling with denatured FDV particles may provide additional 
information in this regard. 
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CHAPTER 7 
PARTIAL CHARACTERIZATION OF FDV 
SEGMENT 5 
7.1 INTRODUCTION 
FDV S5 is approximately 3.3 kbp when electrophoresed in polyacrylamide. 
Based on electrophoretic mobility, FDV S5 has a similar size to MRDV S4 and 
RBSDV S5. 
In previous chapters, FDV segments 7, 8 and 10 were shown to have 
extensive homology with the corresponding size segments of the fijiviruses, 
MRDV and RBSDV, and these sequences were used as a reference map for 
FDV. Unfortunately, no sequences have yet been reported for MRDV S4 and 
RBSDV S5, whose sizes approximate to that of FDV S5, and hence a 
reference map is unlikely to be available. 
This chapter describes the cloning, sequencing and analysis of FDV S5 
clones from a randomly primed eDNA library and characterization of the 
putative gene product. 
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7.2 MATERIALS AND METHODS 
The materials and methods used in this chapter, unless otherwise stated, 
were those described in Chapter 2. 
7.3 RESULTS 
The results in this chapter cover the identification of clones specific for FDV S5. 
The clones were sequenced and the sequences compared to those of other 
fijiviruses and analyzed for potential ORFs and structural motifs. 
The strategy for this work is represented by the flow diagram in Fig. 7.1. All 
clones used in this chapter are listed in Table 7.1. 
Selection of FDV 55 specific clones 
! 
Sequencing of clones 
! 
Comparison of sequences to databases 
! 
Synthesis of renlainder of FDV 55 
Analysis of 55 sequences 
Figure 7.1. Flow diagram outlining the strategy in characterizing FDV S5. 
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7.3.1 Sequencing and preliminary analysis of FDV 55 specific clones 
The inserts from the S5 specific clones, 37, 72 and 65, previously identified by 
Northern hybridization (Chapter 3), were fully sequenced in both directions 
using the UFP and URP. The sequences were found to comprise 637, 511 and 
516 bp, respectively, and were dissimilar when compared to each other. When 
compared to the Genbank non-redundant database, no significantly homology 
was identified to any entry. 
Table 7.1. Clones used in the sequencing of FDV S5. 
~~ "e*' ?CI ""' 4e % ,, , ~,~ , ~:Si%~"(6 ''t, : ~~~; ~. * -lf /~~: ' 4, % h' 11! ' • • • !R . . . F• .. $'}' • ~;i't~ "''" :~ 'f=~g,wy¢~«M~~"' 
65 ; 516 I 
33 516 
72 511 
A67 I 668 
37 I 637 
s5.23 ! 419 
s5.5en-72.1 110 
s5.5en-72.3 110 
7.3.2 Identification of additional 55 specific clones 
To obtain the remaining sequence of FDV S5, 104 clones were selected from 
the previously generated eDNA library (Chapter 3). The cloned inserts were 
digested and the DNA electrophoresed in agarose gels and transferred to nylon 
membranes. The membranes were then probed with gel-purified 5' end labelled 
FDV S5. The inserts from two clones, 33 and A67, in addition to the previously 
identified clones, hybridized specifically to FDV S5. The cloned inserts were 
fully sequenced in both directions using the UFP and URP and their sequences 
compared to each other and to the sequences of the previously generated FDV 
S5 clones, 37, 72 and 65. Clones 33 and 65 were identical. Clones 37 and A67 
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were identical over a 507 bp region, while clone 72 was dissimilar to any other 
sequence. The sequences of clones 33, 37 and A67 were also compared to the 
Genbank non-redundant database but no significant homology was identified. 
The sequences of all five clones were translated in all six frames and analyzed. 
The sequence of clone 72 contained a putative start and continuous ORF 
indicating the sequence was located near the 5' end of the FDV S5 genome. 
The sequence of clones 65 and 33 contained a continuous ORF with a putative 
stop codon indicating the sequence was located at the 3' end of a major ORF. 
The remaining clones all contained continuous ORFs. 
7.3.3 Generation of additional FDV SS clones 
7.3.3.1 Design of primers 
Using the sequence information from FDV S5, a strategy was devised to 
synthesize and clone the remaining sequences of FDV S5 (Fig. 7.2). To obtain 
the internal sequence, primers were synthesized from the terminal sequences 
of clones 72, 37 and 65 and used in various combinations in reverse 
transcriptase-PCR. 
The terminal sequences of FDV S5 were to be obtained using 3' RACE as 
previously described. Following the mapping of the internal FDV sequences 
using the previously characterized clones, two primers, 72.1 and 37.en (Table 
7.2), were synthesized from the sequences of clones 72 and 37 and used in a 
reverse transcriptase-PCR to generate products corresponding to the 5' and 3' 
ends of FDV S5, respectively. 
7.3.3.2 Amplification, cloning and analysis of the internal 
sequences of FDV SS 
Using primers 72.2 and 65.2, derived from clones 72 and 65, respectively, 
(Table 7.2) and total FDV dsRNA as template, a product of approximately 700 
bp was amplified in a reverse transcriptase-PCR. This product was cloned into 
pGEM-T and the insert from one clone, s5.23, was sequenced using the UFP 
and URP. The sequence of clone s5.23 (718 bp) was compared to those of 
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Table 7.2. Primers used in the cloning and sequencing of FDV S5 
72.2 18 
65.2 18 
GP37 20 
37.EN 20 TACGATTCTAGTATCAATTA 
65.1 '18 AAGTGTGATCCGAAGTGT 
37.NEST 25 
clones 72 and 65. The sequence of clone s5.23 was identical to clone 72 from 
nt 362 - 511, and included the sequence of primer 72.2. The initial 147 nt of 
clone 65, including the sequence of primer 65.2, was identical to clone s5.23 
from nt 571 - 718. 
No product was obtained when primers derived from clones 65 and 37 were 
used in a reverse transcriptase-PCR. Based on these analyses, a proposed 
map of the clones was derived (Fig. 7.2). 
7.3.3.3 Amplification and cloning of the 5' end of FDV SS 
RACE primer P was ligated to purified FDV dsRNA and eDNA was synthesized 
in a reverse transcriptase reaction using primer 65.2. The eDNA was then used 
in a PCR with RACE primer G and primer 72.1. A product of approximately 100 
bp was amplified and cloned into pCRscript. The inserts from 2 clones, s5.5en-
72.1 and s5.5en-72.3, were sequenced using primers URP and UFP and both 
inserts were found to contain identical sequences comprising 110 bp. When the 
sequence was compared to that of clone 72, they were found to be identical 
with the exception of 13 nt corresponding to the 5' terminal sequence of S5. 
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Figure 7.2. proposed genome map of FDV SS and strategy for generating additional FDV SS clones. Predicted products are 
indicated by dashed lines and primers are indicated by lines with arrows indicating the direction of extension. 
7.3.3.4 Amplification and cloning of the 3' end of FDV S5 
RACE primer P was ligated to purified FDV dsRNA and eDNA was synthesized 
in a reverse transcriptase reaction using primer 37.nest. The eDNA was then 
used in a PCR with RACE primer G and primer 37.en, but no products were 
amplified. 
7.3.4 Genome organization of FDV S5 
Using the sequence information from FDV S5, two contiguous sequences, A 
and B, were generated (Fig. 7.3). Sequence A, generated using the sequences 
of clones A67 and 37S5.5en/72.1, 72, S5.23, and 65, comprised 1458 nt and 
represented the 5' end of FDV S5. Sequence B, generated using the 
sequences of clones A67 and 37, comprised 798 nt. The exact location of B 
could not be accurately determined due to the lack of a start or stop codon and 
lack of homology with other reovirus sequences. When combined, the two 
sequences represented 2256 nt of the predicted 3300 nt of FDV S5. 
7.3.4.1 Identification of ORFs, UTRs and IR 
The sequences of A and B were analyzed for ORFs defined by an initiation 
codon (ATG) and a termination codon (TAG, TGA and TAA). One complete 
ORF (ORF I) was identified within sequence A. ORF I comprised 1329 nt ( nt 
59 - 1388) and potentially encoded a protein of 51.5 kDa. (Fig. 7.3 (a)). Two 
putative initiation codons for a second ORF were also identified in sequence A 
beginning at nt 1394 and 1410, the first of which had the strong initiation 
sequence, ATGG. No appropriately located stop codon for ORF II was 
identified in sequence A. 
No potential ORFs were identified in sequence B. However, a continuous 
coding region, possibly part of a large second ORF having its initiation codon in 
sequence A, was identified (Fig. 7.3 (b)). Assuming a start codon at nt 1394 of 
sequence A, a total segment size of 3300 nt and a 3' UTR of approximately 100 
nt, ORF II would be approximately 1806 nt or 602 aa in length. Translation 
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M 
61 ~TCTGAAGAAGAAAAAATACGAATCATATGCAATACTAACAACGAACACAGAATACTGAA 
S E E E K I R I I C N T N N E H R I L K 
121 ATATGAAAAAGACGAATCAAATACAAGAATAATCACTTCGATTATATTACACGAAATTGA 
Y E K D E S N T R I I T S I I L H E I E 
181 AGACAAGTCATTAATCCCTGCAATCGACGAGATGATGGAAAATGAAGTTAATGCCGAAAT 
D K S L I P A I D E M M E N E V N A E I 
241 TAAAACGAGTATCTCAGAATTTTTTGACTTAGTGTCAAATGCTTTTGTTGCTCATTACGA 
K T S I S E F F D L V S N A F V A H Y D 
3 0 1 TGAAATAGTCAGAAAGAATAATGAAAATGCGAATCAGAACATTACTGATCAAAACGAAAT 
E I V R K N N E N A N Q N I T D Q N E I 
3 61 TATTGAAATTAAGACCCAGATTCCTGGACTTGAAAAGTTACACGTCAGAAAAGTTAAATT 
I E I K T Q I P G L E K L H V R K V K F 
421 TGATCAACTGATGAAAATCTATAGCTTAAATGAAGAAGTTGCAAAAAAATTCCCTTTGTT 
D Q L M K I Y S L N E E V A K K F P L L 
481 AGATGTTATCAATGGCAAATTTACGGTTGAACAATTAAAAGAAGGAGGATTATTTGATAT 
D V I N G K F T V E Q L K E G G L F D M 
541 GACAAATGTGTTACCTGTATTAGCAGAAATATTTGTTATTACTTTAAGTCTTGGCACAGT 
T N V L P V L A E I F V I T L S L G T V 
601 ATATGGAGGAGCAGTTTTCTTCATTCTTAATTGGTATACAAACTATGAAGTTATGCGTTT 
Y G G A V F F I L N W Y T N Y E V M R L 
661 AATACTACTTCAAATTCTACACGCTATCATTCAAGCTATTAAGCGTCATGTTAAGCCTCA 
I L L Q I L H A I I Q A I K R H V K P Q 
721 AACCAAGCGTTATTCTTTTCGAAACTATATCCGATCCACTAGATCCGGTGATGTTATTAC 
T K R Y S F R N Y I R S T R S G D V I T 
781 CAGATTGAAAAGATGCATCAAGATTAAATCCGAATTGCACTCACCACAAAAAATGTGTGA 
R L K R C I K I K S E L H S P Q K M C D 
841 TAATACGGACTGGTTTGAATTTGGAAGACTTGGACATTTATCATTCGGTACTAACTTGTC 
N T D W F E F G R L G H L S F G T N L S 
9 01 AGAAGTTATCAGATCAAGACACGAGCTGCTTACTAGTCATCCCTGTGGCGTTAGGTTCAG 
E V I R S R H E L L T S H P C G V R F R 
961 AAGTTTCGGATATTTCAGGTTTGGGAAATCCTTTAAATGTAAGACATGTCGTAACAGTTA 
S F F K C K T C R N S Y 
1021 CCAAAAACTTATTTCGATTTTTCCATGTGTGGATTGGGCCACAATTATTCAGAGAGTCAA 
Q K L I S I F P C V D W A T I I Q R V K 
1081 GTCAGTAAGCCTAGTGGAGGTACTATCAAACCTAGAGTTAAACTTCATGAAATTAAGCCA 
S V S L V E V L S N L E L N F M K L S Q 
1141 AGAGCACAATAAGTGTTCTCAATATCAATTTGATTTATATGATGAACATATTTTGAACCG 
E H N K C S Q Y Q F D L Y D E H I L N R 
1201 AATTCTTGAAAGTAAGCAAGATATTATAGATGTATTATTGACCTCGAATGATTATAATAG 
I L E S K Q D I I D V L L T S N D Y N R 
1261 ACTACTTAATGTAATAAGTCAAATTCGTATATCAGCTAGTGAACTACAACATATCAACGG 
L I N V I S Q I R I S A S E L Q H I N G 
1321 AATATCTAAAGCAAATTTAGTCATTAAAATCCATCTCTTAAGTGTGATCCGAAGTGTTTG 
I S K A N L V I K I H L L S V I R S V C 
1381 TGTTGATTAGAAAATGGTGCGTGGTCGATATGAAGTGGTGGGAGGTCGCCTCACATTACC 
V M V R G R Y E V V G G R L T L P 
1441 TTGTATACGAGCGGAGGG 
C I R A E 
V V E R R 
(a) 
M K W W E V A S H Y L 
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1 TAACTTTAAGCATGGAACTCGGTTATAAGAAGAATATTGATATCGGAATCGCATCACAAA 
T L S M E L G Y K K N I D I G I A S Q K 
61 AGATTCTAATTAATCAGTTTACGCACGATCTTTTTAACAATAAATTTGTGACCGATTTTA 
I L I N Q F T H D L F N N K F V T D F I 
121 TTGGATGGAATTATACATATGGTGAATGTGATATCGAGATTGCTCCTATTGTTTGTAATT 
G W N Y T Y G E C D I E I A P I V C N L 
181 TATTAACCTATTTAGATAATGAATCGTCATTATTGAATTCGGGACCATTATCTTATACTT 
L T Y L D N E S S L L N S G P L S Y T L 
241 TATTAGATGAATTTGGTGGACATGATAGAATGTTTATTTACCAAGTTAAAGACGAATCGG 
L D E F G G H D R M F I Y Q V K D E S G 
301 GTAATGATTATAGAATGTTGTGCGAACTACAGTTTTCTTTAAAGTATAAAAAGTTTAGTT 
N D Y R M L C E L Q F S L K Y K K F S Y 
361 ACCAAGGTTTAAAAGTTTTTAATGCCGATAATTTAGAATACGCTGATTGTTATTTATTTG 
Q G L K V F N A D N L E Y A D C Y L F G 
421 GTTTTGGACAAAATCAAGTTTATGGTGAAAAGCAAACTTTAAATGTCAATTCTATAGTTT 
F G Q N Q V Y G E K Q T L N V N S I V S 
481 CAGATAAGCAAGGTAATTTGGTATACCATGTTCATGCTTTATCAAGTTTAGTATGTCGTT 
D K Q G N L V Y H V H A L S S L V C R F 
541 TTAAAGTAATAAGCGAAAGAATCGAATATTTAGGTAACGCATTACCAACTTTTAATGCTA 
K V I S E R I E Y L G N A L P T F N A T 
601 CATTGACTTTTAATAAAGACTTAATCAAGATGTCAGGTAACTTGAGACTAGTTGAAGATT 
L T F N K D L I K M S G N L R L V E D F 
6 61 TTGACGGGAGTAAGAAGACTAAATATTTGTTGAGTGATGAATTTACTTTAGAAAATACGA 
D G S K K T K Y L L S D E F T L E N T I 
721 TTCTAGTATCAATTAATTTCAATATTTGTGAGGGTAAACAAACTAACAGTGCTGCTCGCT 
L V S I N F N I C E G K Q T N S 
7 81 ATAATGGAAAAACATGGC 
w 
(b) 
Figure 7.3. Partial nucleotide sequence of FDV S5 (a) sequence A and (b) 
sequence B. The amino acid sequence of the open reading frames is shown 
below the nucleotide sequence. The major ORFs are indicated in bold while 
the 5' UTR is in italics. The start codons are double-underlined, the stop 
codon is underlined and the fijivirus 5' and 3' conserved sequences are 
underlined and italicized. The amino acid sequence of the NTP binding motifs 
are shaded. 
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initiation at the second predicted start codon in sequence A would result in ORF 
II being 1791 nt or 597 aa. 
The 5' UTR of FDV S5 comprised 58 nt and contained the nine nt 5' fijivirus 
conserved sequence, AAG I I I I I I (Fig. 7.3(a)). Putative IRs between the stop 
codon of ORF I and the potential start codon of ORF II (nt 1394 or nt 1410) 
comprised either 3 nt or 19 nt, respectively. A diagrammatic representation of 
the proposed genome organization of FDV S5 is shown in Fig. 7.4. 
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Figure 7.4. Diagrammatic representation of the genome organization of FDV 85. The exact size and location 
of ORF II and the 3' UTR is not known. 
7.3.4.2 
7.3.4.2.1 
Protein analysis 
FDV S5 PI 
The first major ORF of FDV S5 encoded a protein (S5 PI) of 443 aa (Fig. 7.4). 
S5 PI had a Mr of 51.5 kDa, an isoelectric point of 8.6 and comprised 40.2% 
non-polar, 31.6% polar, 11.96% acidic, and 15.8% basic residues. Analysis of 
S5 PI using GCG revealed 3 hydrophilic domains at aa 10 - 30, 80 - 100, and 
220- 240, each having a strong surface probability (Fig. 7.5 and 7.6). A strong 
hydrophobic domain was also identified at aa 165 - 215. 
FDV S5 PI was also analyzed for possible conserved protein signatures using 
Emotif and the Prosite database. A single dNTP motif ((A/G)XnGK(Sff)) was 
identified at aa 304 - 311 and was located either side of potential B-sheets and 
a-helices (Fig. 7.3 (a) and 7.5). Glycosylation sites were identified at amino 
acids 99- 102 and 284- 287. 
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Figure 7.5. Structural predictions for the amino acid sequence of S5 PI as displayed 
by the GCG program PlotStructure. The region corresponding to the NTP binding 
motif and major hydrophilic and hydrophobic domains are indicated. 
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I I I 
I I I 
NH2 
Major hydrophilic domains 
/\ 
50 
Major hydrophilic 
domain 
Region of NTP 
binding motif 
HOOC 
Figure 7.6. Two dimensional secondary structure predictions for the amino acid 
sequence of S5 Pl. Hydrophobic and hydrophilic residues >1.3 are indicated 
on the structure by ¢ and Q , respectively. The region corresponding to the 
dNTP binding motif and major hydrophilic and hydrophobic domains are indicated. 
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7.3.4.2.2 FDV SS Pll 
The proposed second major ORF of FDV S5 encoded a protein (S5 Pll) of 
approximately 602 aa of which 286 were identified (Fig. 7.3). This 602 aa 
protein would have an average Mr of 67.5 kDa assuming a known Mr of 32.683 
kDa for the 286 a a and an average Mr of 110 kDa for the remaining 316 a a. Of 
the known amino acid sequence of S5 P II, 37% were non-polar, 40% polar, 
11.5% acidic, and 11.5% basic residues. The partial sequence of FDV S5 ORF 
II was analyzed for possible conserved protein signatures. A single dNTP motif 
(A/G)XnGK(SfT) was identified at aa 157- 164 (Fig. 7.3 (b)). Glycosylation sites 
were identified at aa 48- 51, 71 - 74 and 203 -206. 
Analysis of S5 Pll using GCG revealed no significant regions of hydrophobicity 
or hydrophilicity (Fig. 7.7 and 7.8). Further, the dNTP binding motif did not 
appear to form a domain like FDV S5 PI or FDV S7 PI, although this prediction 
was based on only small region of the proposed ORF II. 
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Figure 7.7. Structural predictions for the amino acid sequence of S5 Pll as displayed 
by the GCG program PlotStructure. The region corresponding to the NTP binding 
motif is indicated. 
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Region of NTP 
binding motif 
I 
Figure 7.8. Two dimensional secondary structure predictions for the amino 
acid sequence of S5 Pll. Hydrophobic and hydrophilic residues >1.3 are 
indicated on the structure by 0 and Q , respectively. The region 
corresponding to the NTP binding motif is indicated. 
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7.3.4.2.3 Database analysis 
The sequences of A and B were compared to entries in the Genbank non-
redundant database using the default settings of FASTA and BLASTN. No 
entries were identified that had significant homology to either sequence. The 
sequences of A and B were also translated in all six frames using the default 
settings of FASTA frames and BLASTX and compared to the Swiss Prot, PIR 
and translated Genbank databases. Again, no entries were identified which had 
significant similarity to either of the translated sequences. 
7 .3.4.2.4 Codon usage 
The codon usage of ORF I was determined using the 181 sequence analysis 
program (Table 7.3). Both sequences exhibited a distinctive bias for specific 
codons. The frequency of the third redundant base of each codon was also 
determined (Table 7.4). All amino acids of both PI and Pll not having a single 
codon usage, displayed a preference for an A or T, rather than a C or G, at the 
third codon of 74.8% and 78.7%, respectively (Table 7.4). 
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Table 7 .3. Codon frequency for putative FDV S5 translation products, PI and 
PI I. 
TTG Leu 6 13 7 21.9 
CTILeu 9 20 3.1 
CTC Leu 1 2 1 3.1 
CTA Leu 7 15 4 12.5 
CTG Leu 3 7 0 0 
TCT Ser 4 11 3 15.8 
TCC Ser 4 11 0 0 
TCG Ser 3 9 3 15.8 
AGT Ser 10 29 5 26.3 
AGC Ser 3 9 2 10.5 
TAC Tyr 2 15 4 25 
AA End 0 0 0 0 
TAG End 1 100 0 0 
GA End 0 0 0 0 
2 100 
1 33.3 
0 0 
CCA Pro 2 26 
CCG Pro 0 0 
CAT His 7 50 
CAC His 7 50 
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Amino acid . . .: ORF It . ·· . · OfOP ·.: · ·. 'ORF lit ' . ' . %P . 
• ·~ • ' • "'. • ';: ,,' j • • • • ' : ••• : • :· .. ~· • • 
CGT Arg 5 20 1 16.7 
CGC Arg 0 0 16.7 
CGAArg 5 20 0 0 
CGG Arg 0 0 0 0 
ACTThr 7 35 
ACC Thr 4 20 
ACA Thr 6 30 
GTG Val 5 
GCT Ala 5 
Ala 2 
GCAAia 5 
GGG Gly 
1 total number of individual amino acids 
P percentage total number of individual amino acids 
Codons exhibiting a distinctive bias for each translation product are shaded. 
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Table 7.4 The frequency (%) of an A or T at the third codon position of FDV 
S5 ORF I and partial sequence of ORF II. 
· .· · .".Bias··atthe 3~ codon .. : Bias atthe-.3~ codon.· 
• • • • • I ' : ' • ' t' ' • • • • ' ' • : • ~ • ', 
Amino acids .. ·.,-~·:·.position:(%) .: .. · ·. · · :· : positi!ln,(~) ·. ·:: 
·:· · .... ·.·.' .. :·PI::.: ... ·· ·. ···.:.': ·· .PII :. ·· : 
0 • ' ' • ,• • ' '' ' o ' ,• • .. • '• • I ' ! ' • ' 
Phe 82 94.1 
Leu 77 75 
Ser 71 73.7 
Tyr 85 75 
Cys 78 83.3 
Trp* 100 100 
Pro 89 66.7 
His 50 75 
Gin 82 80 
Arg 92 83.3 
lie 72 70.6 
Met* 100 100 
Thr 65 73.3 
Asn 62 83.3 
Lys 65 47.4 
Val 70 84.6 
Ala 76 88.9 
Asp 74 81.3 
Glu 85 86.7 
Gly 73 94.4 
*Tryptophane and *methlomne each only have a s1ngle codon usage. 
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7.4 DISCUSSION 
Three FDV S5 specific clones, 37, 72 and 65, were previously identified in the 
FDV eDNA library by Northern hybridization. Sequence comparison revealed 
that they were dissimilar to each other and possibly represented approximately 
50% of the FDV S5 genome. 
To obtain the remaining of FDV S5 sequence, an attempt was made to map the 
location of these clones to the FDV S5 genome by sequence comparison with 
other fijiviruses, an approach successfully used for FDV segments 7, 8 and 10. 
However, the sequences of MRDV S4 and RBSDV S5, whose genome sizes 
are similar to FDV S5, have not yet been reported and hence no sequences 
were found with the homology to FDV S5. 
The remainder of the FDV S5 sequence were therefore obtained by screening 
clones using 5' end labelled FDV S5 as a probe. A further two S5 specific 
clones, 33 and 67, were identified. Sequence comparison revealed that they 
were homologous to regions of clone 65 and 37, respectively. In an attempt to 
map the clones to the FDV S5 sequence, the sequences were translated and 
examined for ORFs. One clone, 72, contained a start codon with a continuous 
ORF, possibly representing the 5' end of FDV S5, while clones 65 and 33 
contained a putative stop codon and possibly represented the 3' end of the 
genome. The orientation of the existing clones and further sequence data was 
obtained by designing primers to the ends of the existing clones using these 
primers in varying combinations in reverse transcriptase-PCR. Using this 
strategy, the initial1458 nucleotides of FDV S5 and a further 798 nucleotides at 
the 3' end were obtained. Despite numerous attempts, the intervening 
sequence between clones 65 and A67 and the 3' terminal sequence could not 
be obtained. 
The incomplete sequence of FDV S5 comprised two contiguous sequences, A 
and B, of 1458 and 798 nucleotides, respectively, with two major ORFs and a 5' 
UTR of 58 nt. There were two potential start codons for ORF II, the first being 
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seven nucleotides 3' of the stop codon of ORF I and the second being a further 
17 nt downstream. The first potential start codon identified in ORF II is most 
likely the true initiation sequence as it contained the strong initiation sequence, 
ATGG, identified in the two ORFs of S7. No potential stop codon was identified 
for ORFII. However, the codon usage of both major ORFs of S5, like that found 
in FDV S7, 8 and 10, displayed a distinctive preference for specific codons. 
Comparison of the translated FDV S5 sequence with those available in the 
databases revealed no significant homology with any entries. This was 
expected as the sequences of MRDV S4 and RBSDV S5 have not yet been 
reported. Sequence analysis of the 5' UTR of FDV S5 revealed the 5' 
conserved genus specific sequence, AAGUUUUUU, identified by Marzachi et 
a/. (1991). It would be expected that the 3' end of FDV S5 would contain the 3' 
conserved genus specific sequence, UGUC, and that together, both sequences 
would form an inverted repeat (see Chapter 8). It would also be expected that 
the 5' terminal sequences of MRDV S4 and RBSDV S5 be similar in size and 
sequence to the 58 nt FDV S5 5' terminal sequence. 
The first major ORF of FDV S5 was shown to encode a non-structural protein 
(FDV S5 PI) of 51.5 kDa. S5 PI was generally hydrophilic in nature, with three 
major hydrophilic domains, each of 15 - 20 residues, located either side of a 
large hydrophobic domain. A NTP binding motif was identified downstream of 
these domains in the amino acid sequence of FDV S5 PI, however, it was not 
immediately obvious whether these domains were essential to the functioning 
of PI as an NTP binding protein. 
FDV S5 Pll is also likely to encode a non-structural protein, the size of which 
could not be accurately determined, due to the presence of a NTP binding 
motif. It is interesting that both S5 Pll and S5 PI , in addition to S7 Pll and S8 
PI, contain NTP binding motifs. The NTP binding motifs in the amino 
sequences of S7 PI I, S8 PI and S5 PI were of the type GXnGKS, GXnGKT and 
GXnGKT, respectively, which have a greater specificity for binding GTP. In 
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contrast, the motif in S5 Pll is the type, AXnGKT, which has a greater specificity 
for ATP. It is important to note, however, that S5 Pll was only partial and other 
motifs or domains may be present which may indicate other functions for the 
protein. Gorbalenya and Koonin (1989) reported that some DNA and RNA 
viruses have more than one NTP binding protein, although this has not yet 
been reported for reoviruses. 
It is important that the remaining sequence of S5 be obtained to confirm the 
proposed genome organization. It may be necessary to generate a new eDNA 
library to FDV S5 since it was not possible to obtain the intervening sequence 
by reverse transcriptase-PCR using conventional Taq polymerase. This result 
suggested that the intervening sequence was longer than 900 nucleotides 
since difficulties in generating products of this size from FDV dsRNA by reverse 
transcriptase-PCR have been experienced on numerous occasions. 
Alternatively, Expand (BM) reverse transcriptase could be used which has been 
successfully used to amplified products in excess of 1600 nucleotides. 
Assuming an intervening sequence of 900 nucleotides, the 3' end of clone 37 
would be only approximately 150 nucleotides from the 3' end of FDV S5. This 
may explain the inability to amplify the 3' end of FDV S5 by RACE, since the 
primer would have been inadvertently designed to bind to an area of high 
secondary structure close to the 3' end. 
Upon confirmation of the genome organization of FDV S5, the presence of both 
S5 PI and Pll in FDV preparation still needs to be confirmed by preparing 
antiserum to recombinant forms of the proteins. The use of this serum in 
immunogold labelling with denatured FDV particles may provide additional 
information regarding the nature of the proteins. Further, the proposed protein 
and NTP binding activities of the translation products still need to be confirmed 
in vitro. 
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CHAPTER 8 
ANALYSIS OF FDV 5' AND 3' TERMINAL 
SEQUENCES 
8.1 INTRODUCTION 
There are three genera of plant-infecting reoviruses; Phytoreovirus which 
includes WN, RDV, RGDV, Fijivirus which includes FDV, MRDV, RBSDV, 
OSDV and Oryzavirus which includes RRSV and ERSV. The· sequence of 
some, or all, of the 5' and 3' termini has been reported for some members of 
each genus in addition to those of the closely related insect-infecting reovirus, 
NLRV (Kudo eta/., 1991, Nakashima eta/., 1995, Yan eta/., 1994, Nuss and 
Dall, 1990, Marzachi eta/., 1991, Yan eta/., 1992). These highly conserved 
termini, through the interaction of the inverted repeat with viral assembly 
proteins, are thought to play a major role in packaging and assembly of the 
virion and synthesis of the second strand of each genome segment within the 
virion. This process has been described in rotaviruses and is also believed to 
apply to plant and insect-infecting reoviruses. 
Analysis of the available 5' and 3' terminal sequences has shown that 
reoviruses within the same genus have similar or the same conserved 
terminal sequences whereas reoviruses in different genera have unrelated 
sequences. The grouping of plant-infecting reoviruses based on these 
terminal sequences is consistent with the current classification scheme which 
is based on physicochemical and biological properties such as particle 
morphology, number and sizes of genome segments, serology, host range 
and type of vector (Uyeda and Milne, 1995). 
·-
Despite the terminal sequence of only three MRDV genome segments and 
one RBSDV having been reported, Marzachi et a/. (1991) stated that all 
fijiviruses contained the conserved terminal sequence, 
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'AAGUUUUUU ...... UGUC3'. This chapter compares the terminal sequences 
of seven genome segments of FDV and proposes an amendment to the 
conserved fijivirus terminal sequences reported by Marzachi eta/. (1991). 
8.2 MATERIALS AND METHODS 
All sequence alignments in this chapter were done manually. Sequences of 
FDV segments 5, 7, 8 and 10 are from this study. Sequences of FDV 
segments 3, 4 and 9 were kindly provided by Dr. Jennifer Handley and Ms 
Linda Soo (unpublished results). 
8.3 RESULTS 
8.3.1 Comparison of the FDV terminal sequences 
The 5' and 3' terminal sequences of FDV S3, 4, 5, 7, 8, 9 and 10 were 
manually aligned and compared (Fig. 8.1 ). The lengths of the 5' UTRs varied 
from 13 nt (S4) to 58 nt (S5) while the 3' UTRs ranged from 82 nt (S7) to 190 
nt (S3). While there was no similarity in size between all the 5' UTRs and all 
the 3' UTRs, the terminal sequences of all segments were conserved. The 
first 9 nt of the 5' UTRs in all segments except S9 were fully conserved (Fig. 
8.1 ). Further, the last 11 terminal nt of the 3' termini of all 7 FDV segments 
were fully conserved with the exception of S5 for which there was no 3' 
terminal sequence available. 
Inverted repeat structures, formed by the 5' and 3' terminal sequences, were 
identified in FDV S7, 8 and 1 0 in previous chapters. Similar structures were 
also apparent when analyses were done on the unpublished terminal 
sequences of FDV segments 3, 4 and 9. Of these terminal sequences, a 
complete inverted repeat of at least 2 nucleotides was formed after the 5' 
FDV conserved sequence. Additional wobbles were formed by U - G pairing. 
It is important to note, however, that these U - G pairings .. can only be 
predicted with accuracy when the secondary structure of the entire segment 
sequence is calculated using prediction programs utilizing minimum free 
energies. Nonetheless, it was possible to predict the secondary structure 
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w 
Consensus sequence Consensus sequence 
5 
'AAGum.JUUW WWDWCAGCAGAUGUC 3 
FDV 83 (49) 5 '~CACCGUAUAACU ... 3 ' FDV 83 (190) 5' ~· ... CCGGUGGAAG 
FDV 84 (13) 5 ' CAGG3 ' FDV 84 (114) 5' · ... AAUCCUGAAA 
FDV 85 (58) 5'~ 3' CCUCGACAUUU ... FDV 85 (ND) 5' ~' . .. UAD 
FDV 87 (41) 5 '~GACCUGUCGUAG ... 3 ' FDV 87 (82) 5' · ... CAAGGUCUAA 
FDV 88 (24) 5'  3' GCCUUUGUCUA ... FDV 88 (150) 5' ~3' . .. UAGGCUUAAA 
FDV 89 (49) 5'~ 3' CCUGGAACUGA ... FDV 89 (102) 5' · . .. UGCCGGGUUU 
FDV 81 0(23) 5 ' CCCUAUAUCAC ... 3 ' FDV 81 0(127) 5' ~· ... GAUGGGGUU 
(a) (b) 
Figure 8.1. Comparison of the 5' (a) and 3' (b) terminal sequences of FDV segments 3, 4, 5, 7, 8, 9 and 10. Sequences 
conserved in all FDV segments are shaded. Conserved fijivirus terminal sequences (Marzachi eta/., 1991) are in italics. The 
length of the UTRs of each segment is indicated in brackets. 
ND denotes the segment sequence is not complete and the sequence indicated is predicted based on the consensus sequence 
and that predicted from Figure 8.2. 
incorporating the 5' and 3' terminal sequences of segments 3, 4 and 9 using 
conventional base pairing Fig. 8.2). Based on the conservation of the 3' 
terminal sequences, the known sequence of the 5' end of S5 and the 
predicted inverted repeat structures of S 7, 8 and 10, it was also possible to 
accurately predict the secondary structure incorporating the 5' and 3' terminal 
sequences of S5 (Fig. 8.2). Using this structure, an additional four FDV S5 3' 
terminal nucleotides could be accurately predicted, corresponding to two 
complementary nucleotides after the FDV conserved sequences (Fig. 8.1). 
8.3.2 Comparison of plant reovirus terminal sequences 
Consensus sequences for the 5' and 3' termini of MRDV and RBSDV were 
compiled based on reported sequences (Marzachi eta!., 1991, 1995; Azuhata 
et a/., 1993; Uyeda et a/., 1990) (Table 8.1 ). When these consensus 
sequences were compared to each other and to those of FDV, a fully 
conserved 5' terminal sequence of only 8 nucleotides was apparent. 
However, allowing for a degeneracy of two for nucleotide nine, this homology 
could be extended to the 9 nucleotide sequence, 5'AAGUUUUUW ... 3· (Fig. 
8.3). A fully conserved sequence of four nucleotides, corresponding to the 
conserved 3' fijivirus sequence was evident. However, allowing for a 
degeneracy of two nucleotides, the proposed 11 nucleotide conserved 
sequence, s· ... CAGCWRWTGTC3' was possible (Figure 8.3). The same 11 
nucleotide sequence was fully conserved in all of the six FDV segments 
sequenced (Fig. 8.1 ). 
Consensus sequences for the 5' and 3' termini of NLRV, phytoreoviruses, 
oryzaviruses, rotaviruses, orbiviruses, orthoviruses, aquaviruses and 
coltiviruses (Table 8.1) were compared to the newly proposed 10 nucleotide 
5' and 11 nucleotide 3' Fijivirus consensus sequences (Fig. 8.3). No fully 
conserved sequence was evident for either the 5' or 3' termini (Fig. 8.3). 
Using a redundancy of 2 for each nucleotide, a 2 nt conserved 3' terminal 
sequence was evident but only the last and third last nucleotide conformed to 
this pattern (Fig. 8.3). On closer examination, the 5' terminal consensus 
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S3 S4 ss S7 sa S9 SlO 
u c G G A u u G G A u 
G----c c U----A U----A G----c u G 
c----G u c----G c----G u G c----G 
c----G G----c c c----G c----G c----G c----G 
u G----c c A----u G----c c----G c----G 
A G A----u A G----c A----u A-- --u A----u 
c----G c----G A----u A----u A-- --u A----u A----u 
u----A u----A u----A u----A u----A A----u u----A 
- ---A ~- ---A I D ~----i ~- ---A ·----~ ·----~ G ----A w ----A u I I u 
Figure 8.2. Predicted secondary structure of FDV segments 3, 4, 5, 7, 8, 9 and 10. The 3' terminal sequence of 85 was 
predicted using the 11 nt conserved 3' FDV terminal sequence and the extent of the predicted pair-wise matching of S 7, 8 and 
10. Shading indicates the conserved 5' and 3' FDV terminal sequences. 
N 
...... 
0\ 
FDV 
RBSDV 
MRDV 
(a) 
Consensus sequence 
5' 
5'~s ••• 3' 
5 ' SBH ... 3 ' 
5 '~BSM ... 3 ' 
(b) 
FDV 
RBSDV 
MRDV 
Consensus sequence 
5 ' 
.. . KBWWD~3 
5' ••• RRMWW 3 
5' 
Figure 8.3. Comparison of the 5' (a) and 3' (b) terminal sequences of FDV, RBSDV (Marzachi eta!., 1995; Azuhata eta!., 1993; 
Uyeda eta!. , 1990) and MRDV (Marzachi eta!., 1992, 1996). Sequences conserved (with a degeneracy of 2) in all three viruses 
are shaded. Conserved fijivirus terminal sequences (Marzachi eta/., 1991) are in italics. 
Table 8.1. Conserved 5' and 3' terminal sequences of the plus strands of 
Reoviridae. 
Virus Terminal sequences 
- F@wu~--------------------------------
Fov 
RBSDV 
MRDV 
Phytoreovirus 
WTV 
RDV 
RGDV 
Oryzavirus 
RRSV 
ERSV 
Rota virus 
Orbivirus 
Orthoreovirus 
Aquareovirus 
Coltivirus 
s·GGUAUU ... 
s·GGYAAA ... 
s·GGYAWT ... 
s'GAUAAAD .. . 
s·GAUAAAU .. . 
s·GGCWUU ... 
s·GUUAAA ... 
S'GCUA. .. 
A Shaded areas indicate conserved Fijivirus sequence 
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. .. UGAU3, 
. .. UGAU3' 
. .. UGAU3' 
... RGUGC3' 
. .. GGUGC3, 
.. . UGURCC3, 
. .. UCUUAC3, 
... UCAUC3, 
sequences of phytoreoviruses, oryzaviruses, rotaviruses, orbiviruses, 
orthoreoviruses, aquareoviruses and coltiviruses were more similar to each 
other, having the consensus sequence 5'GNYW ... 3·, this being two nucleotides 
larger, 5'GNYVVVVW ... 3·, for phytoreoviruses, oryzaviruses, rotaviruses and 
orbiviruses. 
The 5' terminal sequences of fijiviruses and NLRV were similar to each other, 
being homologous over 3 nucleotides, with a conserved sequence, 5'AGU ... 3·. 
However, the opposite held for the 3' terminal sequences with those of 
phytoreoviruses, oryzaviruses rotaviruses, orbiviruses, orthoreoviruses, 
aquareoviruses and coltiviruses being dissimilar while those of fijiviruses and 
NLRV were fully conserved over 4 nucleotides. With a redundancy of two, the 
conserved 3' terminal sequence of fijiviruses and NLRV could be extended to 
seven nucleotides, namely WGWUGUC. 
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...... 
\0 
NLRV 5' - ··· 3' NLRV 5' · ·· - 3' 
Fijivirus 5'~···3' Fijivirus 5' 
Consensus 5' ..... 3' Consensus 5' 
Phytoreovirus 5' - ···3' Phytoreovirus 5' . . . YGAU 3' 
Oryzavirus 5' - 3' D ... Oryzavirus 5' ... RGUGC 3 ' 
Rota virus 5' - · ··3' Rota virus 
5 I 3 I 
. . . UGUGRCC 
Orbivirus 5' - ... 3' Orbivirus 5' ... UCUUAC 3 ' 
Orthoreovirus 5' - ···3' Orthoreovirus 5' ... UCAUC 3 ' 
Aquareovirus 5' - ··· 3' Aquareovirus 5' ... UCAUC 3' 
Coltivirus 5' - ·· · 3' Coltivirus 5' 3' ... UCAUC 
Consensus 5'~··· 3' Consensus No consensus 
(a) (b) 
Figure 8.4. Comparison of NLRV, Fijivirus, Phytoreovirus, Oryzavirus, Rotavirus, Orbivirus, Orthore_ovirus, Aquareovirus and 
Coltivirus conserved 5' (a) and 3' (b) 3' terminal sequences. Consensus sequences of the two groups are shaded 
8.4 DISCUSSION 
All reoviruses have 5' and 3' terminal sequences that are highly conserved 
within their genera. These terminal sequences form inverted repeats, the 
secondary structure of which is important in RNA replication and virion 
assembly. 
Marzachi eta/. (1991) proposed conserved 5' and 3' terminal sequences for 
all members of the genus Fijivirus based on the conserved terminal 
sequences of the serologically distinct MRDV and RBSDV. Although FDV is a 
member of the genus Fijivirus, it differs from other species serologically as 
well as in type of vector and host range. The 5' termini of six segments of 
FDV conform to the conserved sequence proposed by Marzachi eta/. (1991) 
with the exception of S9 which differed at the ninth nucleotide. However, of 
the sequence of FDV S9 is needed to clarify this observation. It is significant 
that the limitation of the sequence conservation at the 5' termini applies not 
just between members of the genus Fijivirus but also to individual segments 
of the same virus. This was also the case for the 3' terminal sequences. 
Among the six FDV segments for which sequence was available, the last 11 
nucleotides were fully conserved. The extent of sequence conservation was 
somewhat different for both MRDV and RBSDV where only the last four 
nucleotides were fully conserved among the individual segments of each 
virus. However, extending the conservation to a degeneracy of two, an 11 
nucleotide conserved sequence was possible which was identical to the 11 
nucleotide conserved sequence of FDV. These 11 nucleotides could now 
represent a new conserved 3' terminal Fijivirus sequence. 
The terminal sequences of all reoviruses are instrumental in determining the 
secondary structure of the RNA which directly affects RNA replication and 
virion assembly. Similar RNA folding patterns were identified in the 
sequences of FDV S7, 8 and 10. While the complete RNA sequences of FDV 
S3, 4 and 9 were not analyzed for secondary structure (Handley and Soo, 
pers. comm.), it was possible to predict the inverted repeats formed by the 5' 
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and 3' terminal sequences. The predicted structures were similar to those 
identified in S7, 8 and 10. by Mfold. 
Although the complete sequence of FDV S5 was not obtained. It is highly 
likely that S5 would have the conserved Fijivirus 11 nucleotides 3' terminal 
sequence. An additional four nucleotides were added implementing the pair-
wise matching associated with the inverted repeat structure identified with 
other FDV segments. 
It may now be possible, knowing either the 5' or 3' terminal sequence of any 
FDV segment, to predict the corresponding 15 nt terminal sequence at the 
opposite end. This may allow the remainder of the FDV terminal sequences to 
be obtained using a primer to the 3' terminal sequence. While the efficiency of 
a 15 nucleotides containing a degeneracy of 3 in the eleventh nucleotide and 
2 in the twelfth and thirteenth nucleotides may be questioned, the strategy 
may still prove successful for second strand synthesis in a PCR especially 
considering the problems associated with RACE. These problems are 
primarily due to the inefficiency of ligating a DNA primer onto the 3' end of 
dsRNA which is difficult to denature. Both strategies, however, are hampered 
by a reverse transcription reaction using a dsRNA template with extensive 
secondary structure. 
Conserved terminal sequences have been proposed for the genera of plant-
infecting reoviruses as well as other reovirus genera and NLRV (Noda eta/., 
1995). While the terminal sequences may be conserved among members of a 
single genus, there appears to be little or no conservation reported between 
viruses of different genera (Table 8.1 ). However, a degenerate 5' terminal 
consensus sequence was apparent between phytoreoviruses, oryzaviruses 
and all non-plant infecting reoviruses. Interestingly, this homolqgy was only 
present at the 5' end and excluded those viruses which do not have a 'G' as 
the first nucleotide in each segment. Viruses excluded include the fijiviruses 
and the insect-infecting NLRV, both of which have a 7 nucleotide conserved 
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3' terminal sequence but only a 3 nucleotide conserved 5' terminal sequence. 
The significance of this is not immediately clear, however, it has been 
suggested that similarities between plant reoviruses reflect the affinity of the 
virus for their insect vector rather than their host (Mathews, 1991, Nault and 
Ammar,· 1989). This terminal sequence homology adds weight to the 
hypothesis that FDV originated in planthoppers and later became adapted to 
sugarcane. Differences between phytoreoviruses and fijiviruses, including 
differences in segment terminal sequences, may have evolved during 
divergence of the Cicadelloidea (leafhoppers) and Fulgoroidea (planthoppers) 
(Nault, 1994, Mathews, 1991, Nault and Ammar, 1989). Regardless of 
variations in terminal sequences, the confirmation of inverted terminal repeat 
structures in the RNA segments of FDV now links this virus with other 
reoviruses for which the RNA replication, translation and virion assembly 
strategies have been demonstrated. 
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CHAPTER 9 
GENERAL DISCUSSION AND CONCLUSIONS 
The aim of this study was to clone, sequence, characterize and analyze the 
sequence of FDV genome segments 5, 7, 8 and 10. FDV is one of the most 
important viruses affecting sugarcane in Australia and can cause significant 
yield losses. Although various control measures are available, none have 
proven totally effective. A knowledge of FDV sequences and the function of 
the viral proteins will hopefully provide insights into the virus replication 
strategy and ultimately be useful in the development of appropriate pathogen 
derived resistance strategies for the generation of FDV resistant sugarcane. 
Following initial optimization of the dsRNA denaturation method, a eDNA 
library was generated using a random primed cloning method and large 
numbers of clones were obtained. The library was initially screened and 
characterized by Northern hybridization and several clones were identified 
which hybridized specifically to FDV segments 5, 7 and either 9 or 10. Further 
clones were then obtained for segments 5 and 8 by Southern hybridization 
using 5' end labelled segment specific probes. Following sequencing of the 
cloned inserts, a putative genome map of each segment was generated by 
comparisons with other reovirus sequences in the databases. The remaining 
internal sequences, and 5' and 3' terminal sequences, were subsequently 
obtained by designing primers for use in reverse transcriptase-PCR and 
RACE, respectively. Since no homologous sequences to FDV S5 were 
identified in the databases, the genome map of this segment was obtained by 
designing primers to the available clones and using these in various 
combinations in reverse transcriptase-PCR to determine their orientation. 
Using these strategies, the complete sequence of FDV segments 7, 8, and 
10, and the partial sequence of S5, was obtained. The sequences were 
compared to those of other reoviruses and were analyzed for potential ORFs 
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and structural motifs to determine the genome organization and potential 
function of the gene products. To further study the function of the proteins 
encoded by the two major ORFs of FDV 87, each was expressed as a fusion 
protein in vitro and an antiserum raised for use in Western analysis. 
The genome organization of FDV segments 8 and 10 were similar, with both 
segments containing a single major ORF. Based on analyzes of the 
nucleotide and amino acid sequences, the ORFs of segments 8 and 10 were 
thought to encode putative non-structural and structural proteins, respectively. 
The genome organization of FDV 87, and possibly 85, were also similar, with 
both segments found to contain two non-overlapping ORFs. ORF I of FDV 87 
was presumed to encode a structural protein, possibly the A-spike or 
outercapsid, while the remaining ORFs of these segments were thought to 
encode non-structural proteins. 
Comparisons of the nucleotide and amino acid sequences of FDV segments 
7, 8 and 10 with those in the database revealed significant homology. At the 
nucleotide level, FDV segments 7, 8 and 10 showed most homology to the 
equivalent size segments of MRDV and RB8DV. Comparison of the amino 
acid sequences of FDV with these two viruses also indicated similarities in 
distribution of amino acid type, hydrophilicity and presence and location of 
motifs. This suggested that the proteins produced from the corresponding 
segments of these viruses had similar functions. Interestingly, the codon 
usage of the major ORFs of FDV displayed a distinct preference for specific 
codons and a preference for an A or T as the third nucleotide in each codon. 
During the course of evolution the base composition and codon usage of 
viruses adjust to reflect that of their host plants (Oliver eta/., 1990). It is likely, 
therefore, that FDV has been a recent pathogen of sugarcane and most likely 
reflects the base composition and codon usage seen in its planthopper host 
and in the insect-infecting reoviruses such as NLRV. 
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Analysis of the terminal sequences of FDV segments 5, 7, 8 and 10 revealed 
the presence of conserved 5' and 3' terminal sequences and inverted repeats 
immediately adjacent to the terminal sequences. Both structures have been 
found in all reoviruses sequenced to date, with the conserved terminal 
sequences thought to act as a packaging recognition signal for viral but not 
host RNA, while the segment-specific inverted repeats may act as a signal to 
specify a particular segment (Anzola eta/., 1987). The first nine nucleotides of 
the 5' UTR in segments 3, 4, 5, 7, 8 and 10, but excluding S9, contained the 
conserved sequence, s'AAGUUUUUU3·, and corresponded to the 5' fijivirus 
conserved sequence proposed by Marzachi eta/. (1991 ). Interestingly, when 
the 3' terminal sequences were examined, eleven terminal nucleotides of 
FDV segments 3, 4, 5, 7, 8 and 10 were found to be fully conserved with the 
sequence s·cAGCAGAUGUC3·. This is in contrast to the proposed four 
nucleotide conserved sequence reported by Marzachi eta/. (1991 ). When the 
FDV 3' UTR was also compared with those of MRDV and RBSDV, the four 
nucleotide 3' fijivirus sequence was also fully conserved. Further, extending 
the degeneracy to two, the 11 nucleotide conserved sequence, 
s· .. CAGCURWUGUC3·, was identified which was the same 11 nucleotide 
sequence fully conserved in FDV segments 3, 4, 7, 8, 9 and 10. This 11 
nucleotide sequence must now be considered the 'new fijivirus 3' conserved 
sequence. Of all members of the reoviruses groups, those of the genus 
Fijivirus exhibit the most conservation at both the 5' and 3' terminal 
sequences. When the 5' and 3' conserved FDV sequences were compared to 
those of other reoviruses, the sequence of only one, NLRV, was similar. 
However, this conservation was only three nucleotides at the 5' end but was 
six nucleotides at the 3' end. This provides further evidence to support the 
similarity of fijiviruses and NLRV and of the insect infecting origins of the 
fijiviruses. 
The inverted repeat structures formed by the 5' and 3' terminal sequences 
were also identical in FDV segments 7, 8 and 10. These terminal sequences 
were also apparent in the unpublished terminal sequences of FDV segments 
225 
3, 4 and 9 and the partial sequence of FDV S5. The presence of the 
conserved terminal sequences and adjacent segment specific inverted 
repeats and the confirmation of the inverted repeat structures links the RNA 
replication, translation and virion assembly strategies of FDV with those 
classically represented for other reoviruses (Nibert eta/., 1996). 
The sequence data from this study is currently being used to generate 
potentially FDV resistant transgenic sugarcane using PDR strategies. 
Although there has been an increasing number of reports on the effective use 
of PDR strategies to control plant viruses (Angennent et a/., 1990; 
Bendahmane and Gronenborn, 1997; Braun and Hemenway, 1992; Brunett et 
a!., 1997; Golembeski eta!., 1990; Hemenway eta/., 1988; Kawchuk eta/., 
1990; Lawton et a/., 1990; Ling et a/., 1991; MacFarlane and Davis, 1992; 
Powell eta!., 1989; Powell-Abel eta!., 1986; Quemada eta!., 1991; Stark and 
Beachy, 1989; Wintermantel eta!., 1997), there have been few reports on the 
use of such strategies in controlling plant reoviruses. In one study, 
Matsumara and Tabayashi (1995) transformed rice plants with RRSV S9 
which encodes an outercapsid protein. When challenged with RRSV, 
transformed plants did not show any resistance, but in contrast, produced 
more severe symptoms. 
It remains uncertain, therefore, which PDR strategy, if any, will result in the 
generation of FDV resistant sugarcane. However, the genome organization of 
the virus offers many opportunities to explore these aspects. In addition to the 
traditional PDR strategies, the use of more novel strategies may prove 
successful. One such strategy would involve the overexpression of A-spike, 
thus preventing release of transcripts into the cytoplasm and preventing 
replication. 
The antibodies raised against the FDV S7 ORF I gene product in this study 
are potentially useful for the diagnosis of FDV infections of sugarcane. 
Diagnosis of Fiji disease has been traditionally based on symptom 
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recognition, but this is unreliable and insensitive. Polyclonal antisera 
produced against FDV proteins and genomic dsRNA have also been used in 
diagnostic tests, but have been found to react non-specifically (lkegami and 
Francki, 1974). The anti-FDV S7 ORF I antibodies produced in this study 
were specific for a 40 kDa band in crude FDV-infected sugarcane extracts. 
The use of recombinant antigens eliminates contaminating plant proteins 
normally present in purified FDV preparations used for conventional antibody 
production. 
Further studies are still required to obtain fundamental knowledge about the 
virus, including: 
1. Complete the sequencing of all FDV segments. 
2. Investigate the presence of all FDV encoded proteins in both sugarcane 
and planthopper hosts using antiserum to recombinant derived proteins. 
3. Locate proteins on the FDV virion using immunogold labelled antiserum to 
recombinant derived proteins. 
4. Demonstrate that, like animal reoviruses, the FDV subviral particle is 
transcriptionally active and the complete virion is transcriptionally inactive. 
This information will be important should PDR strategies targeting viral 
replication, such as over expression of the A-spike protein, be used. 
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